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ABSTRACT

SPACE, a Single Precision Cowell Trajectory Program,
is a link under the JPL IBSYS-SFOF-JPTRAJ monitor. SPACE
is a digital computer program written in the FAP language for
the IBM 7094 computer. It is an updated version of the JPL
Space Trajectories Program. Given a set of spacecraft initial
conditions in one of several coordinate systems, SPACE can
accurately compute the resulting trajectory. Included is the
capability of considering perturbations due to a non-spherical
Earth, Mars, and Moon, solar radiation pressure, attitude con-
trol forces, and a simple motor. The program forms the accel-
eration of the spacecraft with respect to some central body,
integrates to obtain position and velocity, and then records time,
position, and velocity on a spacecraft ephemeris file. Output
parameters are computed in several coordinate systems. SPACE
uses the double-precision JPL Ephemeris Tapes. The ephem-
erides of the Earth-Moon barycenter, Moon, Venus, Mars,
Jupiter, and Saturn are used. The ephemeris tapes also pro-
vide the nutations in longitude and obliquity. All physical con-
stants may be changed by input but the nominal values are those
adopted by the Ad Hoc NASA Standard Constants Committee. A
short historical background, equations solved, flow charts,
descriptions of input and output parameters, hardware and soft-
ware configurations, and interfaces between the program and

the monitor are given.

VI
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I. INTRODUCTION

D. B. Holdridge developed a single precision Space Trajectory Program
for the IBM 704 computer in 1959. Since that time JPL and other NASA con-
tractors have made extensive use of the program as a research tool, in real-
time mission support, and in routine trajectory computation. This has
. required constant modification and updating of the program because of com-
puter hardware changes, system software changes, redevelopment of mathe-
matical models and equations, and expanded application of the program. How-
ever, the basic structure of the program has not changed and Ref. 1 Section
VIIlis still used by most JPL trajectory engineers as a basic reference for
trajectory computation.

In 1961 the JPL Powered-Flight Program and a linear search technique
were combined with the Space Trajectories Program. A monitor was written
to control this system and the entire package was called the JPL Trajectory
Monitor System. This version of the program was documented (Ref. 8) and
has been sent to over 40 NASA contractors. Its flexibility, capability and

accuracy were sufficient to support the Ranger and Mariner-Venus missions

and is currently being used to support Ranger VIII and IX missions.

The Trajectory Monitor System satisfied the linking of a powered flight
program to a space flight program. But other applications of trajectory com-
putation in the field of space research were being carried out at JPL (orbit
determination, guidance and midcourse correction) and special versions of the
space trajectorsr portion of the Trajectory Monitor System came into existence.
Communication soon became a problem and it was apparent that a more general
monitor system was needed. At the same time, mission support became more
complex and it was apparent that more real-time communications and control
were needed.

In 1963 JPTRAJ (Ref. 4) was born out of the first need and SFOF
(Ref. 7) was born out of the second need. Hence, the trajectory program,
among others, had to be modified to operate under this configuration.

This document describes SPACE, the current version of the JPL Space
Trajectories Program under the IBSYS-SFOF-JPTRAJ monitor,
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Several significant additions and deletions have been made. The
Encke form of the equation of motion, on-line input capability, the computing
and saving on tape of parameters along the trajectory, special computations
for output and tracking station viewing periods and printing were lost because
of core-storage limitations, The Mars equatorial coordinate system and the
Mars oblateness perturbation were added. SPACE uses the double precision
JPL Ephemeris Tapes (Ref, 2 and 3). The constants in the program are those
currently adopted by NASA (Ref. 5 and 6) but they can be changed by input.

SPACE is currently being used in the Mariner-Mars mission and in

Pioneer, Lunar Orbiter and Surveyor studies,

It is evident that SPACE will, in general, generate a different trajec-
tory, given the same injection conditions, than one generated by an earlier
version of the trajectory program, However, the JPL trajectory engineering
staff can show that any difference in trajectories is due to state-of-the-art
modifications and therefore there is every reason to believe that the use of
SPACE will yield accurate trajectories to single precision. Successful Ranger
and Mariner missions and comparison with other trajectory programs have

borne this out.
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II. EQUATIONS OF MOTION AND FLOW CHARTS

A. EQUATIONS OF MOTION

Assume a small probe, body 0, in the gravitational field of n other

bodies. In an inertial frame

7
El = -k2 mj—? i =0, ,n (1)
=0 Pt
it
whgre pji = ;3"j - Pi; pji = lpjil; i, j =0,"++, nandkis the Gaussian gravita-

tiordal constant.

Sketch 1. Relationship of ith and jth body
in an inertial frame centered at I

The center of mass of the system, located by the vector C from the inertial

origin is
n
- ls v
C = m_o
ML 4]
j=0
n
where M = E mJ.
j=0



JPL TECHNICAL MEMORANDUM NO. 33-198

The center of mass has the property that

n n -

since b_ij = _Eji and pij = pji' Thus C is constant and the center of mass is an
inertial point (barycenter),

The motion of the probe, body 0, could be expressed as

n —_
e 2 jo
pO -k mJ. 3

=1 Pjo

where the coordinates are referred to the barycenter, and are inertial. In
SPACE, however, this equation is rewritten so the coordinate system is
referred to one of the n bodies, usually the dominant one.

The acceleration of the probe with respect to the designated central
body is equivalent to the acceleration of the probe with respect to the inertial
center C minus the acceleration of the central body with respect to the inertial

center. In equation form this becomes

Ry =Py - Pe

or

n ——
£ alS w0 g (2)
0" PR
j=1 j0
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with

=l
n

ol
H

|

1

1] ] 1 ] 1 1]

ijl

R..
1)

defined in the new coordinate system, 3,8 may be obtained from Eq. (1)

n p— n o
- 2 Pig 2 Ry
p:-kzm.——-k m, —=
£ j .3 ip3
" P. — R’
j=0 je j=0 J
| i#e ite
R DR
o - Pmy=% - 17y m =S
R . JR;
0 j=1 j
it
and 30 may be written as
n — n —
o 2 KJ’O 2 0 2 RJO
= -k —5—= -k m,—5 - k m. —5—
0 iR3 £33 i 53
j=1 30 0 j=1 30
ite
hence ﬁo becomes
R o R. R
-ﬁO = -kz(m‘ +m0)—g - k2 E m,+0+ —-‘1:,;
R . IR: JR;
0 j=1 jo j
it e

| R..=R, -R, =7. -P. =7P.. i,j =0,...
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In SPACE, the mass m of the probe is negligible, hence the basic

n-body equation of motion which is integrated is
= R. R
T - R E : ip .
R = a3 T LM\ B3 = (3)

with R = T{O = -R-p’ Ejp = EjO’ p denoting the probe, and by = kzmj = GMj’
j=1,++, n

In Eq. (3) the first term on the right is the accelerating effect of the
central body on the probe., The summation term is henceforth referred to as
the n-body perturbation, v;hich consists of direct terms, - ijﬁjp/Rf , and
indirect terms, -ijﬁj/f{_j; the former terms represent the acceleration of the
probe due to the n - 1 non-central bodies, and the latter terms represent the
accelerations of the non-central bodies on the central body. Note that the
indirect terms were not present in the barycentric form of the equation, as the
barycenter is not accelerated.

In addition to the n-body effects of Eq. (3), there are perturbing terms
which are added when the probe is in the vicinity of an oblate body. The form
of this perturbation is given in detail in this Section in B. 1 for the cases of the
Earth and Mars, and in B. 2 for the Moon.

It is often desirable to simulate the torce acting on the probe due to the
solar flux phenomenon. The equations for this calculation are enumerated in
B. 3 of this Section.

A constant thrust, fixed flow rate motor which may be simulated is
described in B. 4 of this Section,

The intermittent application of forces upon a probe due to an attitude
control system may be simulated using polynomials to represent the forces.

This option is described in B. 5 of this Section,

The complete equations of motion are written as

5 R En: Fp 5 Em:
£ j=1 jp j k=1
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where the Pk‘s represent those perturbative accelerations other than the n-body
perturbation which might be acting on a probe at a given time or point in space.

m represents the total number of these additional effects.

B. PERTURBATIONS

The accelerative effects upon a probe other than the central body and

n-body spherical contributions are considered herein.

I. Oblateness Calculations for Earth and Mars.

The expression for the potential of an oblate spheroidal body using sec-

ond, third and fourth harmonics is given by

oy [T az H a.3
U, = 2221 - 3 sin%) + 2 2(3 - 5 sin’¢)siné
3R 5R
Dbaﬁ 2 4
+ (3 - 30 sin®p + 35 sin"d)
35R%

where b denotes the body, either Earth or Mars, Mp is the GM of the attracting
body, Jb’ Hb’ and Db are the second, third and fourth harmonic coefficients,
R is the magnitude of the body-probe vector, and ¢ is the latitude of the probe

referred to the body's true equatorial plane and center.

The perturbing acceleration due to this potential function is given by

ou au,  9U an)
b \FTX® IY’ IZ

where (X, Y, Z) are in the system of the mean Earth equator and equinox of
1950. 0.

The actual equations programmed follow, where u; = X,u, =Y,u, =2
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P *an prb b 1 522 uJ-l-ZZC
= - L 2z
b, By RZ RZ =2 IR R ©3j
H a3 2 u 2
- bzb“%‘ 3-15z)RE ¢+ ‘%+3zz €3
R“ R R R J
D 4 2
b %o |3 =2 z4\%
- —2 a7 2t 3R
R R R
2
12 Z z
+ [ -4Z2 &,
7 RZ R 73

where j =1, 2, 3, and b =1 or 2 (Earth or Mars). The quantity sin ¢ = z/R,

where z is the distance of the probe above the true equator of the body involved,

is found by:
x 11 c12 c137) | x
Yoo = 21 22 23 Y
z | °31 32 ©33 ] | %

The matrix [Cij] represents the rotations required to express a vector in a
true equatorial of date coordinate system for the Earth or Mars, given the
vector expressed in mean Earth equator and equinox of 1950.0 coordinates.
The form and determination of [ci.] is detailed in Section VI, subrou-
tine 29.2, for the Earth and in 32 for Mars. The subroutines HARMN and
MRBLAT, which evaluate the potentials for the Earth and Mars, respectively,

are described in subroutine 28.
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2. Oblateness Calculations for the Moon

The Moon is assumed to have the shape of a tri-axial ellipsoid with

principle moments of inertia A, B, C, The potential function for a second

harmonic is expressed as:

v .GA+B+C- 3]
"R

( ZRZ ’

2 oy
where G = k, the universal gravitational constant,

oa3) ¢ B + o)

and where %, y, z are the components of the Moon-probe vector R expressed

in the selenographic coordinate system.

The perturbing acceleration

o 8U¢ 98U, 8l
U(( = 9 > du, ’ du
Uy 2 3

is formed as follows, where up = X, U, = Y,u, =2,

for j

1,2,3

The selenographic coordinates (x, y, z) of the probe are related to the

mean Earth equatorial coordinates of 1950. 0 by
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- 1

X m11 m12 m13 X
Y (7| ™21 ™2z ™23 Y
z | M3; M3z M3 Z

The m,. is referred to in the program as the MNA matrix, and is
described in Section VI, 33, 2.

The lunar potential is computed by subroutine XYZDDI1 and is

described in Section VI, subroutine 33. 3.

3. Solar Radiation Pressure

The accelerative effect of solar radiation pressure on the probe may be

simulated. The formulation is given by

1—34 = %2 §, krn/sec2
and
S ) -
k - | CI:I)I(A) [GBI GABZ(EPS) + 1 + GBJ krn3/sec2
where

P4 = perturbative acceleration due to solar radiation pressure

SC = solar radiation constant defined as
sc :l<r2 , kg - km -6
C\'SE sec
J = radiant energy per unit area per unit time,
=1.37 x 103 Watts/meter2 or kg/sec3
C = speed of light, km/sec
Igp = mean Earth-Sun distance = 1 AU (km)

10
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Note that J, C, rgp are implied in SC and are defined here for information
purposes only. The constant SC is input directly into the program and is not
computed.
A = effective area of spacecraft, meters
m = mass of spacecraft, kilograms
EPS = Earth-probe-Sun angle, degrees
GB1 = constant coefficient of polynomial in EPS, radian-meter

GB2 = first order coefficient of polynomial in EPS,
(radian-meter?2)/degree

GB = yfB, dimensionless
y = fraction of reflected radiant energy, dimensionless

1 for specular reflection
= dimensionless

2/3 for diffuse reflection

Note again, GB is the input quantity used, vy and  are introduced here

for explanation,
A - . 3
S = unit Sun-spacecraft position vector

The solar pressure perturbation is applied if thesvalue of SC is non-zero, and

if the spacecraft is not in the shadow of any planet or of the Moon.

4. Constant Thrust Motor
A single constant thrust, constant flow rate motor may be simulated.
The acceleration of the spacecraft due to this motor burn is given by

the expression

- E & 2
Py = ‘[mo ~Th(t - tp]gc’ km/sec

11
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where

v
O
i

perturbative acceleration due to motor burn
F = thrust of motor, lb-force
m = initial weight of spacecraft, motor and fuel, lb-force
m = weight flow rate of motor, lb—force/sec
t = current time
t, = ignition time of motor
g = gravitational acceleration at Earth's surface,

0.0098061976 km/sec”

Of
I

is a vector which determines the direction in which the thrust

is applied. It may be specified in several ways:

p—

a) C = R sinp + M cos (. where R is the unit central body-
probe position vector, j is the bias angle, measured
positive above the plane of the local horizontal.

I<\/[ is a unit vector in the instantaneous plane of the probe's
trajectory, normal to R and hence in the local horizontal
plane as well,

ft =W x R W -

b

< |

wow

] |

Vis the central body-probe velocity vector.
b) C may be an arbitrary unit vector in Earth equatorial
true of-date coordinates, or the result of normalizing a
non-unit vector in this coordinate system.
The burn may be initiated at a specified epoch or at a given altitude
above a specified body.
The burn may be terminated at a specified value of energy or after a

specified duration of time,

12
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5. Attitude Control Force Simulation

Attitude control forces applied to a spacecraft may be computed to
evaluate their effect upon the trajectory of the spacecraft, The forces are
given in the form of polynomials of the second order with input coefficients,
the forces being assumed to act along three spacecraft-fixed orthogonal axes
defined herein,

Let /F_\I = (EX, Ey’ Ez)be a unit vector directed from the spacecraft
toward a specified body (planet, Moon or Canopus), and H = (Hx, Hy’ Hz), a
unit vector directed from the spacecraft toward the Sun.

AN\ A\
The coordinate system (A, B, C) is then defined as

A A
C=-H=(c,C,C)
x' Ty Tz
ExH
A
B = === =(B,BB)
|EXH| Y
A A A
A=BxC=(A_,A_A)
x' 'y z

AN N\
These orthogonal unit vectors (A, B, C) define the axis along which the attitude

control forces will act. All the above vectors are referenced to the mean Earth
equator and equinox of 1950.0.

The force I has components along the (A, B, C) axis system defined as

2
F"—'F +F t+F t;
A A0 A1 A2
FB :FB +FBt+FB tz; dvnes
0 1 2
FczFC+FCt+FCt2,
0 1 2

where t is time in seconds past starting time of attitude control forces. The

acceleration due to these forces is given by

13
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X Ax Bx CXT FA
o9 10_8

P = Y = —

P, = AY By Cy Fo 3, km/sec
Z i A B, C, | Fo

referenced to the mean Earth equator and equinox of 1950. 0, where m is the

mass of the spacecraft in kilograms.

14
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C. FLOW CHARTS

15
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1. General Flow
INITIALIZE TRANSFORM INITIAL CONDITIONS TO
ENI,E:;??" —— AND "cALL" L 1950,0 CARTESIAN SYSTEM
TRAJ BY CALLING INTRAN
TRANSFORM PHASE OBTAIN PHASE PARAMETERS
e EE———
PARAMETERS FOR CURRENT PHASE
SET UP MARK
FOR INTEGRATION

PRINT ViA
TIME STOP CALL MARK

A

Y

MARK, ROUTINE FOR STEPWISE
NUMERICAL INTEGRATION OF
EQUATIONS OF MOTION

PRINT VIAR = O TRIGGER

END OF CASE

RETURN TO ——

JPTRAJ

CALCULATE
DERIVATIVES

#

END-OF -STEP CONTROL FOR
END-OF-PHASE CONDITIONS,
STEP-SIZE CONTROL,
WRITING S/C EPHEMERIS

EXIT FROM MARK
VIA END-OF-PHASE i
TRIGGERS

END OF PHASE

END-OF-PHASE PRINT

16
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Transformation of Injection Condition (via INTRAN)

CONVERT EVALUATE NUTATIONS, PUT THE
ENTER INJECTION PRECESSION, GHA VIA INJECTION CONDITIONS
EPOCH ROTEQ, MNA, GHA INTO X AND X.
SPHERICAL TEST ENERGY

INJECTION

ASYMPTOTE

CONVERT

{ZL' R- r! c!v °s' es}

TO cortesian

TYPE
INERTIAL
cartesian
TEST
-F
MOON-FIXED FOR TYPE OF INERTIAL
SPHERICAL
EARTH-FIXED
CONVERT
rer bes Oar Var Yau O CONVERT CONVERT
Tg’M(r);)Na'FI«,EDm N {" $1 6 v, 7 ’} To R,®.8 v [ Zf70
-FIX cortesion . .
7¢, V¢ VIA RVIN cartesian VIA EARTH cartesian VIA RVIN
y

CONVERT 7¢, vqg TO R, V,
MOON-CENTERED
cartesion, EQUATOR

AND EQUINOX OF 1950.0
VIA MNA AND MNAMD

ROTATE R, V, TO
EQUATORIAL VIA ECLIP
tF ECLIPTIC INPUT

y

ROTATE R,V, TO
EQUATOR AND EQUINOX OF
1950.0 IF INPUT IS
TRUE OF-DATE OR
MEAN OF-DATE

PRINT PHYSICAL. CONSTANTS,
EXIT PERTURBATION PARAMETERS, re—
INITIAL CONDITIONS

A

INITIALIZE BODY
AND VARY

ROTATE INITIAL CONDITIONS
FOR VARIATIONAL EQUATIONS
TO EQUATOR AND EQUINOX
OF 1950.0

17




JPL TECHNICAL MEMORANDUM NO. 33-198

3. Derivative Calculations in Subroutine TRAJ

COMPUTE DERIVATIVES OF R AND OF OBTAIN LUNAR AND
ENTER |—@m OR/0Xq,-- - OR/IZ, —# COMPUTE ~uR/R® —» PLANETARY EPHEMERIDES
BY EXCHANGE OF BUFFERS VIA INTR1
OBTAIN PERTURBATION
T
DUE TO ATTITUDE OBLATEZESQ'EE“F:?S:BWON COMPUTE PERTURBATION OBTAIN N-BODY
CONTROL GAS JETS  |eg— VIA MARSMM l@—{ DUE TO MOTOR BURN  fe— PERTURBATION
! Y.
VIA GASJET MARSPC, MRBLAT IF NECESSARY VIA BODYL
IF NECESSARY

OBTAIN Rg, IN

OBTAIN EARTH OBTAIN COEFFICIENT
T
ERQUUEINEOQXU?;O_RD::? » OBLATENESS PERTURBATION 3 IN VARIATIONAL
VIA HARMN EQUATIONS VIA VARY

VIA NUTATE

IF CLOSE TO EARTH IF CLOSE TO EARTH IF NECESSARY

OBTAIN LUNAR

COMPUTE DERIVATIVES COMPUTE TOTALS
FOR USE IN VARIATIONAL H— ACCELERATION FROM TERMS |ell— OBLATENEASS)(:ig;:JRBATION
EQUATIONS IF NECESSARY PREVIOUSLY COMPUTED vl

IF CLOSE TO MOON

COMPUTE PERTURBATION

DUE TO SOLAR RADIATION

— PRESSURE AND ADD IT 8 EXIT

TO TOTAL ACCELERATION
IF NECESSARY

CALCULATE RR FOR

R ENCOUNTER TRIGGER

AND R PRINT TRIGGER
IF NECESSARY
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4. Step-Size Control in the End-of-Step (EOS) Calculations in Subroutine

TRAJ

EOS.

y
CALCULATE h,

CONTINUE EOS.

SET HDFG

AND SAVE

TO ZERO

CONTINUE
EQS.

SET FLAGS FOR
HALVING DISCONTINUITY

SET FLAGS FOR
DOUBLING DISCONTINUITY

AUGMENT HBANK1 BY n WHERE
2" = he/h

RESET HBANK1 AND
ND TO ZERO

y
SAVE n WHERE
2"z 2h/h,
WHEN HALVING IS
EXECUTED, h, = 2h

y
l SET HDFG # 0 |

COMPUTE n WHERE
2" = h,/2n

RESET HBANKL AND
ND TO n

AUGMENT HBANK2 BY n,

WHERE 2"=h, /h,

L

CALL ABTB J‘——

y

S—

RECORD NEW h, = h,

CONTINUE EOS.

19
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5. End-of-Step (EOS) Calculations in Subroutine TRAJ

CHECK IN TURN OFF S/C EPHEMERIS| COMPUTE c¢3
WITH SFOF > WRITE LOGIC IF TIME FOR MOTOR BURN
VIA IS GREATER THAN INPUT SHUT-OFF TRIGGER
TSX OFFSYS,4 PARAMETER SCENDT IF NECESSARY
COMPUTE THE CHECK IyPuT
SHADOW PARAMETER PRTSTP FOR COMPUTE ALTITUDE COMPUTE ALTITUDE
IF FLAGGED NON-ZERO FOR FOR ALTITUDE-TO- FOR ALTITUDE-TO-
IN THE PHASING |at— —— END-RUN TRIGGER ] - -
PRINTING THE START-MOTOR-BURN
OR IF THE SOLAR USING INPUT PARAMETER
GEOCENTRIC TRIGGER IF NECESSARY
RADIATION PRESSURE EQUATORIAL BLOCK TARGAD
IS BEING COMPUTED
EACH END-OF-STEP

CHECK DISK s/C

cuaé«iﬂﬁ AT EPHEMERIS COMPUTE
TRUE END - WRITE LOGIC —— NEW STEPSIZE
VIA BOODSK |F NECESSARY

OF-STEP IF NECESSARY

RETURN TO MARK

VIA TRA 1,4
IF EARTH
t IS CENTRAL BODY
Iy TARGET, IS S/C IS S/C BELOW

WITHIN 100,000 5500 km
km OF

MOON

PRINT PROXIMITY PRINT GEOCENTRIC
STATEMENT AND EQUATORIAL BLOCK
TARGETCENTRIC GEOCENTRIC CONIC

EQUATORIAL BLOCK AND IMPACT COMMENT

l

END TRAJECTORY VIA
ABORT

20
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III. MACHINE AND SYSTEM CONFIGURATION

There are two computer systems in use at the Jet Propulsion Laboratory.
One is the standard IBM 7094 IBSYS job-shop system. It is used for daily
checkout and production. The other system is the JPL SFOF system, which is
used to process spacecraft data and to allow input, output, and control at
remote user areas,

SPACE, under JPTRAJ, satisfies all the requirements of both systems
and can therefore be used in any of the various modes of operation. Core

storage is allocated as follows:

Octal Locations Contents
0-3777 IBSYS
4000-21077 SFOF
21100-22277 JPTRAJ
22300-77777 SPACE

21
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IV, INPUT

A, INPUT CAPABILITY

Data in the SPACE link of a JPTRAJ source deck is input by JPTRAJ
just prior to the execution of SPACE, JPTRAJ does this with the aid of
SPACE's symbol table. In addition, data can come from other links in the
JPTRAJ source deck by proper use of the JPTRAJ "WANT" and "USE" control
cards, Here again, JPTRAJ uses SPACE's symbol table. SPACE has no
input subroutine so that when JPTRAJ transfers control to SPACE all input is
completed (i, e., there is no on-line input capability in SPACE), This restric-
tion is circumvented by using "WANT" control cards and a link named TRIO
(Ref. 11, Section VIII).

The binary tape-read subroutines EPHSET and EPHEM have been
included in SPACE for reading the n-body ephemeris tape.

Sense switches 4 and 6 on the 7094 console may be used to input a
request to SPACE for on-line output. Section V describes the output one may

request and the setting of the switches.
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B. INPUT DEFINITION

23
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SYMBOL TYPE EXPLANATION UNLTS NOM. VALLE
PAGBCD BCC  TwO LINES 140 WCRDS) CF PAGE FEACING BLANKS
TARBCOD BCC TARGET 80CY MOCN
INJBCC BCC INJECTIGN CENTRAL 8CULY EARTH
FAZFLG FIX NCN-ZERC=USE PFASING CF DCMINANT BODY 1
INJTYP FIX TYPE CF INJECFICN CCNDITVIONS [
49= C INFRTIAL CARTESIAN
+y= 1 INERTIAL SPHERICAL

+ 2 EARTF-FIXEC SPHERICAL

+ 3 SELENOGRAPHIC SPHERICAL

+ 4 ENFRCY ASYMPTOTE

+ 3 ENERGY PSEUDS-ASYMPTCTE

¢+ € ENERCY PSELDC-ASYMPTCTE

+=EGUATURIAL —-=ECLIPTIC

AT SEG  INJECTION EPOCH 0+C
INJX FLC X KM R KM R KM AIL DEG C.C
INJY FLO Y KM DEC DEG LAY DEG RAD KM c.C
INJZ FLL Z KM Ra DEG LUN O€G PTH DEG 0.0
IMJEX FLC DX KM/SEC v KM/SEC VP KM/SEC C3 KM2/SEC2 0.0
INJCY FLC DY KM/SEC PTH DEG PTP CEG DAG CEG 0.C
INJCZ FLC DZ KM/SFC AZ DEG AP DEG RAC LEG 0.C
RFAX FLC RAD. AT MAX. TURE ANOMALY (INJTYP=5,6) KM 0.0
PHL FLL LAT. CF LAUNCK SITE (INJTYP=4,5,6) DEG 28.309
INJTOT FLC DELTA T TC ADC TO I1NJT SEC C.
INJEQX 8CC  EINJECTICN EQUINCX )=TRUE-OF-DATE BLANK

{MEANUC EAN-CF-DATE
{1950.0)=MEAN 1950

THE 40 PHASE FPARAPFTERS MUST 8E IAPUT INTC THE PRCPER BUFFERS AS FCLLCWS

WHERE XXXXXX 1S REPLACED BY

MCCPHE TC MOCPHE FCR MGOMN
VERNPFL TC VEANPH8 FCOR VENUS
MARPEL TL MARPh8 FCR MARS
PCCPHL TC POCPH8 FCR ALL OYHER TARGET BUDIES
SYMBOL TYPE EXPLANATICN UNITS NCM. VALUE
XXXXXX+C FIX -—=PRINT AT START CF PHASE
+ = DC NOT PRINT AT START OF PHASE
SET TPRT=PHASE STARIT USE OLC TPRT
o PRINT AT LAD LAST PHASE 4
L PRINT AY END NCT LAST PHASE S
2 DC NLT PRINT AT END LAST PMASE &
3 DC NCT PRINT AT END NOT LAST PHASE 7
XXXXXX4 1 BCC BCODY FRCM WHICH TC COMPUTE R FUR R TEST
XXXXXX#2 FLC VALLE (F R TO END PHASE
XXXXXX#+3 BCC BCDY FRUM whICH TC COMPUTE R. FOR R.=0 TEST
XXXXXX ¢4 FLC  VALLE CF R TO TURN ON R.=C TEST
4 VALUE=TURN ON TEST WHEN (HODY-PRCBE R) GR. THAN (+ VALUE)
- VALUE=TURN ON TEST WHEN (BOCY-PRCBE R) LESS THAN =(-VALUE}
XXXXXX 46 BCC CENTRAL BOOY FOR INTEGRATION
XXXXXX4+7 SEC STEPSIZE
XXXXXX ¢S FIX NC. OF STEPSIZE DOUBLES
XXXXXX#10 BCC BCDY USED IN LOOKUP FOR STEPSIZt
XXXXXX+11 SEC PRINY END 1
XXXXXX+13 SEG PRINT LELTA 1
XXXXXX415 SEC PRINT END 2
XXXXXX#17 SEC PRINT CELTA 2
XXXXXX+16 SEG PRINT END 3
XXXXXX+21 SEC PRINT CELTA 3
XXXXXX423 SEG OCLD PRINT 1
XXXXXX425 SEC OCO PRINT 2
XXXXXX#27 CCT GROUP PRINY FLAGS WHERE THE FORMAT OF THE OCTAL WORD IS

GCCHHCOT ICROOOU

WHERE G = GEQCENTRIC
GC= GEGCENTRIC CONIC (PLANE INDEPENDENT)
H = HELIOCENTRIC
HC= HELTOCENTRIC CUNEC (PLANE INDEPENCENT)
T = TARGE?Y
TC= TARGET CONIC (PLANE INGEPENDENT)
R = R DOT ECQUAL ZERO
U = VARIATICNAL EQUATIUNS

FLAGS1=ECUATORI AL
2=ECLIPTIC
4=ECLIPTIC AT START ONLY
S=EQUATORTAL AT START CALY
6=ECLIPTIC AT END CONLY
T=ECUATOREAL AT ENC ONLY

STATICN PRINTS (15 STATIONS IN TwC wORDS,
12 STATIONS ARE FLAGGED IN FIRST WORD,
59 11 12 41 51 14 13 15 42 61 08 91,

XXXxxx+28 CCT MaX OF S AT A TIKME)
3 IN SECGND AS FCLLCWS

75 76 02

XXXXXX+38 OCT CCNIC PRINT FLAGS (PLANE DEPENUENT VARIABLES)
WHERE THE FCRMAT OF THE OCTAL WORD IS
ecoTQcCcorTQCcorY
WHERE THE FIRST SET OF Q C O T IS USEC IN THE GEO CONIC,
THE SECONC SET 1S USED IN THE HELIO CONIC AND YHE THIRC SET
IS USED IN THE TARGET CCNIC AND WHERE
¢ = EARTH EQUATCRIAL PLANE
C = ECLIPTIC PLANE
C = ORBIT PLANE OF TARGET (X IS ALONG THE ASCENCING NOOE
OF THE CRBIT PLANE UF THE TARGET ON THE TARGET
TRUE EQUATOR PLANE, IF THE TARGET TRUE EGLAYCR
PLANE 1S CEFINED. CTHERWISE, UN THE ECLIPTIC PLANE.
¥ = TRUE TARGET EQUATOR PLANE (CEFENEC FOR MOON AND MARS)
X IS CEFINED THE SAME AS FUR THE CRBIT PLANE
VIEW PERICDS { 15 STATIONS IN TWC WCRDSe MAX OF 5 AT A TIME )
12 STATIONS ARE FLAGGED IN FIRST WORD, 3 IN SECCND AS FCLLOWS
55 11 12 41 S1 14 13 15 42 61 08 91, 75 76 02

XXXXXX+30 CCT

XXXXXX434 FUX SrHACOW PARAMETER FLAG LlaCN
XXXXXX439 BCL  OLTPUT EQUINOX ¢ ) = TRUE~OF-DATE
(195C.0) = MEAN 165C.0

NOVE...THERE IS NC STATION PRINT OR VIEw PERICC CAPABILITY IN SPACE BUT
STORAGE HAS BEEM ALLOCATED FCR THEM. THIS ALLOWS ONE SET CF PHASING TC
SUFFICE FOR BOTr SPACE AKD SFPRO VIA WANT CARDS, IF DESIRED
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SYMBOL

BRNCPT+C
BRNCPV+1
BRNCPT+3
BRNCPT+5
BRNCPT+6
BRNCPT+7
BRNCPT+8
BRNCPT+S
BRNCPT+10
BRACPT+11
BRNOPT+12
BRNCPT+13
BRNCPT+14
BRNCPT+15

RADCPT+C
RADCPT+1
RADGPT+2
RADCPT+3
RADCPT+4
RADCPT+S

GASCPT+Q
GASCPT+1
GASCPT+2
GASOPT+4
GASOPT+5
GASCPT+7
GASCPT+10
GASCPT+13
GASCPT+16

VARFLG

SCALEL1-2
SCALEL-1
SCALEL

SCALEL+1

GRAV-2
GRAYV

GRAV+1
GRAV+2
GRAV+3
GRAV+4&
GRAV+S
GRAV+6

LUNGRYV

LUNGRV+1
LUNGRV+2
LUNGRV+3

HARMN+2
HARMN+3
HARMN+4
HARMN+S
HARMN+6
HARMN4T
HARFN+8
HARPN+9
HARMN+1C
HARMN411
HARMN+12
HARMN#+13
HAREN+14
HARMN+1S

TARAD

TARAD+1
TARAD+2
TARAD+3
TarAD+S
TARAD+S
TARAD+6

CANSO
CANSO+1
CANS50+2

DELTIC

H

SCFCRF
RUNID
SUBEGT
SCENDT
LAUACH
TARGAD
FLAG42
PRTSWX
PRTISTP
PRYSTP+1
PRTISTP+2
DEPCPT
DEPCPT+1
DEPCPT+2
oTPCA
SECPSO
NEWBCD
NEWEOC+1
NEWBOD+2
NEWBOD+3
OPTSWT

MANAET
NUTEPK
REWSC

FLC
FLC
FLC
FLC
FLC
FLC

FIX
8cL
SEG
FLC
SEC
FLC
FLC
FLC
FLC

FIx

FLE
FLC
FLC
FLC

FLC
FLC
FLC
FLC
FLC
FLC

FLC

FLC
FLC
FLC
FLC

FLC
FLC
fLC
FLC
FLC
FLC
FLC
FLC
FLC
FLC
FLC
FLC
FLC
FLC

FLC
FLC
FLC
FLC
L
FLC
FLC

FLC

FLC

FLC

FIX
FIx
FIx

EXPLANATICN

BURN FLAG O0=NC BURN L=BURN
EPOCH CF START OF BURN
DURATICN CF BLRN (0=NG DT TEST)
VALUE CF C3 TC END BURN

BIAS ANGLE

0
C OPTILN O=EVERY T L=FIXED +,~2=INPUT C

BCDY USED IN ALYITUDE START

ALTITLLE TC START BURN

INITIAL WEIGHT

WEICHT FLOW RATE

THERLST

GRULP PRINT AT START, END OF BURN

CCNIC PRINT AT START, END OF BURN

OF-CATE C VECTOR, BRNOPT4+7=+2=NON-UNIT C
BRANOPT+7=-2aUNIT C

SCLAR RADIATICN CONSTANT 0=NG RAD. PRES.
CCNSTANY TERM IN POLY. IN EPS ANGLE
LINEAR TERM IN POLY. IN EPS ANGLE

AREA CF SPACECRAFY

GAMMA EETA

MASS CF SPACECRAFT

GAS JET FLAG C=0FF NON-2ERQ=CN
REFERENCE BODY. PLANET, MCON, OR CANOPUS

EPOQCH CF START OF GAS JETS 0,0=INJ. EPQCH

DT TO ADD TG GASQOPT+2

EPOCH CF ENC CF GASJEYS C,0=NO END
COEF. LF FA PCLY., CUADRATIC TERM FIRST
CCEF. LF F8 PCLY., CUADRATIC TERM FIRST
CCEF. CF FC PCLY., CUADRATIC TERM FIRST
MASS CF SPACECRAFTY

VARIATECNAL ECQU. FLAG O=NONE 1=CN

EARTH CM FCR SCALING EPHEMERIS
MCON CM FGR SCALING EPHEMERIS
EARTH RADTUS FCR SCALING EPHEMLRIS
AU FOR SCALING EPHEMERIS

EPHEMERIS TIME - UNIVERSAL TIME

EARTH CM

MCON GM
SUN GM
VENUS GM
MARS GM
SATLRN GM
JULPITER GM

UNIVERSAL GRAVITATECNAL CCNSTANT
MCMENT A, LUNAR PCTENTIAL
MCMENT B, LUNAR PCTENTIAL
MCMENT C, LUNAR PCTENTIAL

Jy EARTH COEF. CF SECOND HARMONIC

Hy EARTH COEF. OF THIRD HARMONIC

D, EARTH COEF. OF FCURTH FARMONIC

REy, EARTH RADIUS USED IN POTENTIAL
RADIUS FROM EARTH FCR J TERM EFFECTIVE
RADIUS FROM EARTH FCR H TERM EFFECTIVE
RADIUS FRGM EARTH FCR D TERM EFFECTIVE
JA, MARS CCEF. CF SECONC HARMONIC

HA, MARS COEF. CF TFIRD HARMONIC

CAy, MARS COEF. COF FCURTH HARMONIC

RA, MARS RADILS USELC IN POTENTIAL
RADIUS FRCM MARS FCR JA YERM EFFECTIVE
RADIUS FROM MARS FOR HA TERM EFFECTIVE
RADIUS FRCM MARS FCR CA TERM EFFECTIVE

EARTH RACIUS

MCON RADIUS
SUN RACIUS
VENLS RADIUS
Manc aACIUS

SATLRN RACIUS
JUPITER RACIUS

195C.C UNIT CARTESIAN BODY-CANOPUS X
195C.C UNIT CARTESIAN BODY-CANOPUS Y
195C.C UNTT CARTESIAN BODY-CANOPUS 2Z
JeBe 1950.0 = J.D. C HR JAN 1,1950

LUCATICN CF STEPSIZE RANGE TABLFS

PROBE EPHEM C=NONE 1=A6 TAPE 2=DISK
RUN [.C. USED WITK SCFORF=1

EPCTH Ty SLGIN PROCE EPHEM  0,0-INJ. EPOCH

EPOCH TU END PRGBE EPHEM 0,0=NO END
LAUNCHk EPCCH

ALTITLLE ABOVE TARGET TO END RUN
NCN-ZERD PUTS OUTPUT IN $C4020 MODE
PRINT SWITCH NCN~ZERQ=PRINT EVERY CASE
NUN~-7 ERC=PRINT EVERY END-OF-STFP
PRINT CROUP AT ELACH END-OF-STtP

CCNIC GROUP AT EACh END-OF-STEP

0=NC CkP. VAR, 1=PRINT ~1=END PHASE
LCCAT [LN OF DEPENCENT VARIABLE

VALLE CF OEPENCENT VARIABLE

DT PAST CL.APP. TC END RUNMIFL. PT. SEC. OK)
SEC

D.P. SEC. PAST 195C TG ENC RUN
BLDY TL REPLACE SATURN

1.0=MERCUR  7.CsNEPTUN 8.0=URANUS 9.0=PLUTD

G+ CF tODY
RADIUS CF BCODY
ON-LINE OUTPUT CONTROL
C=NC REMOTE CONTROL, NC ON-LINE PRINT

UNITS NOM. VALUE

0
0,0

SE 0.0
KM2/SEC2 10C00Q.
G c.0

[

MOCN

XM 0.0

LBS FORC 0.0

LBSF/SEC 0.0

L8S FORC 0.0
0

]
0.040.040.0

0.0
0.0

0.0
(METER)2 11.12

0.096
KG 259.0

0.C90.040.0

0.040.0,0.0

0.040.C40.0
KG 0.0

[

KM3/SEC2 398603.2
KM3/SEC2 4902.7779

KM 6378.3113
KM 149598500,
SEC 35.

KM3/SEC2 398600.63
KM3/SEC2 4902.6293
KM3/SEC2 +13271411E12
KM3/SEC2 324766427
KM3/SEC2 42977.368
KM3/SEC2 379187CC.
KM3/SEC2 126709350,

KM3/SEC2-KG +6671E-19
KGKM2 +88781798€E29
KGKM2 +888B00195E29
KGKM2 +888369T78E29

~1=REMCTF CUNTRUL.HANG FOR S.S. SETTING

5=FINE PRINT CN-LINE
1=NMINIMUM PRINT CN-LENE
0=CCMPLTE ¥,N,A EVERY T, ELSE USE DT FEST

O=NLYATIONS FRCOM EPhHEM, ELSE COMPUTE THEM

«162345E-2
=«575E-5
«TBTSE-5
KM 6378.165
KM SE
KM 2ES
KM 1E5
00292
0.0
0.0
KM 3417,
KM S5ES
KM 0.C
KM 0.C
KM 6378.
KK 1738.09
KK 621800.
KM 62C0-
KM 3378.
KM 57750.
KM 68860,
-.060340592
«60342839
~-79513092
DAYS ~.076643
TRAJOL
n.0
040
0,0
0.0
[}
0
o
0
0
0
[
0.C
0,C
040
a
0.0
KM3/SEC2 0.C
KM 0.C
[}
o
0

NCN-ZERG REWINDS A6 BEFORE WRITING S/C TPHEMERIS 0
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THERE ARE MANY MCRE SYMBOLS IN THE SYMBGL

TABLE. THE FOLLCWING YABLE GIVES THE ACDITIGNAL SYMBULS,
WHERE { AND/COR C ENDICATES WHETHER THE

CATA IS INPLT TC SPACE CR DUTPUT FROM SPACE.

SYMBOL I/C TYPF EXPLANATION UNITS
BTC Q0 FLLU B.T EAMTH ECUATORIAL KM
BRC C FLC B.R EARTH EQUATCRIAL KM
8rc 0 FLC BaT ECLIPTIC KM
BRC 0 FLC B.R ECLIPTIC K
8710 0 FLC B.T, TARGFT ORBITAL PLANF KM
BRO 0 FLC B.R, TARGEY ORSBITAL PLANE K™
BIT 0 FLC 8.T, TARGET TRUE EQUATOR PLANE Kp
B8RY 0 FLC B.R, TAKGET TRUE ECLATOR PLANE KM
ALL B.T, B.R VALUES IN THE BUFFERS ARE
THE LAST ONES CCMPUTED BY THE PROGRAM

(] 0 FLL TARGEY CONIC ENERGY CCNSTANT KM2/SEC2
VH 0 FLC TARGET CONIC HYPERBCLIC EXCESS VELOCITY KM/ SEC
TFD U FLC TIME CF FLIGHY DAYS
TFR 0 FLC TIME CF FLIGHT HOURS
TEM 0 FLC TIME CF FLIGHY MEIN
TFLIND O FLL LINEARIZED TIME OF FLIGHT DAYS
TFLINH O FLC LINEARIZEC TIME OF FLIGHT HOURS
TF1 0 FLC TIME PAST INJECTICA EPGCH SEC
SELAT 0 SELENCGRAPHIC LATITUDE OF S/C CEG
SELGON o SELENCGRAPHIC LUNGITUDE OF S/C CEG
JLLD C FLC JULTAN CATE (2 wORCS) LAYS

1ST WCRD INTEGER LAYS

2MD WCRD FRACTICNAL PARY OF A DAY
LATIT qQ GEUCENTRIC LATITUCE UF S/C LCEG
LCNGY a GEOCENTRIC LONGITUCE OF S/C O£G
CLPETC O *CLP* PREFIX STANCS FOR CLOSEST KM
CLPERQ O APPROACH. *CLPBXY' FURM HAS KM
cLPBTC O FCLLOWING MEANING AT CLOSEST APPROACH KM
CLPBRC 0 B-VECTCR IS DCTTED wITH X-VECTOR KM
CLPBTC O WHERE X-VECTOR 15 REFERENCED TU Ly
CLPERO O Y-PLANE X CAN = T CR'R VECTORS KM
CLPBTY O Y CAN = QIEARTH EQUATORIAL},CLECLIPTIC) KM
CLPBRT 0O O(TARCET CRBITAL PLANE)T{TARGET TRUE EQU)IKM
CLPT Q EPCCH CF CLOSEST APPRUACH IN SEC PAST

0 HR JAN 1, 195C U.T. SEC

COMFLG I CCT FLAG TC SIGNIFY USE OF COFMTRJ, CCMTRK CATA
= = USE INJECTICN CONDITIONS FRCM CCMIRJ
EACH OCTAL CIGIT FLAGS A CONSTANT, RESPECTIVELY,
GMS AU D H J GMJ GMA GMV GMM SC REM GME
OCTAL CIGIT = Q0 = DO NCT USE CONSTANT
OCTAL OIGIT = 1 = USE CONSTANT FROM COMTKK

CCMTRY 1 INJECTION CCNOITICN BUFFER
FLC  PCSTICN VECTOR (34
FLC VELCCIFY VECTCR KM/SFEC

FLC INJECTICN EPUCH SEC PAST O HR JAN 1, 1950 SEC
BCLC HEACINC ( 5 WCRCS )
CCMTRK I  FLC 12 WORC BUFFER OF PHYSICAL CCNSTANTS

1. CME - GM OF FARTH KM3/SEC2?
2. REM - FARTF RACIUS FOR SCALING EPHEM KM
3. SC - SOLAR FLUX CONSTANT KG-KM/SEC2
4. GMM —~ GM OF MOCM KM3/SEC2
5. GMV - GM OF VENUS KM3I/SEC2
6. GMA - GM UF MARS KM3/SEC2
T. GMJ - GM OF JUPITER KM3/SEC2
8. J ~ COEF. CF 2ND TERM EARTH HARMONEC
9. F - CCEF. GF 3RD TERM EARTH HARMCNIC
1C. D - COEF. OF 4TH TERM EARH HARMONTC
11. AL - ASTRCNCMICAL UNIT K¥
12. GMS GF OF SUN K¥M3/SEC2
TZEROC 0 FLC INJECTICN EPOCH SEC PAST O HR JAN 1, 1950 SEC
xop Q0 FLC 42-wORC BUFFER CONTAINING 7 KMy KM/ BEC

RECTANGULAR PCSITCN VECTORS FOLLOWED
BY 7 RECTANGULAR VELOCITY VECTORS
THE ORCER COF THE VECTORS IS
EARTH 10 S/C
MCON TC S/C
SUN TC S/C
VENLS TG S/C
M#RS TL S/C
SATURN TO S/C
JUPITER TO S/C
THE CCCRDINATE SYSTEM IS EARTH CENTEREC,
EARTH EQUATORIAL, SPACE FIXED, WKERE THE
EQUINCX IS DEFINEC BY THE INPUT PARAMETER
DEFINING THE CUTPUT EQUINCX
STATE I FIX CONTAINS FLAGS FROM THE SEARCH PROGRAN

TAPEX 1/G EPHEMERIS TAPE INFORMATION {6 WORDS)
FIx WORC 1 PLE SYSUTE
®ORC 2 EMPTY
FLC ®ORC 3-4 J.D. OF MIN DATE CN TAPE
FLC WORL 5-6 J.0. GF MAX OAFE UN TAPE
T 0 FLC CURRENT EPOCH SEC PAST O HR JAN 1, 1950 SEC
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C. JPTRAJ RESTRICTIONS

SPACE operates under the JPTRAJ monitor, which imposes three
programming requirements. SPACE satisfies these requirements by provid-
ing:

1. A four-word Program Control Block (PCB) located at

2. A Symbol Table, which immediately follows the PCB.
3. A zero (normal return via JEXIT) or a one (error return
via ABORT) in the accumulator upon return to JPTRAJ,
A detailed description of the JPTRAJ programming requirements is found in

Ref. 4 (Section VIII),
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Program Control Block

...... BCI 1,SPACE
ZERQ Leot CLASS 1,91 ERRUR RETURN
ZERU LST LENGTH OF SYMBUL TABLE
TRA NS4
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2. Symbol Table

ORG EQU . BEGINNING OF SYMBOL TABLE
SYM  TIERO,I
SYM TIERD, I
SYM
sYM BTC
SYM 810

: SYM 81T
SYM BRQ

‘ SYM BRCT T
SYM BRO
SYM BRT
SYM C3,1
SYM VHy

i SYM TFD
SYM TFH
SYM TEN
5YM TFLIND
SYM TELINH
SYM TEL, 1
SYM SELON, T
SYM SELAT, I
SYM JuLo
SYM LATIT,I
SYM LONGY 4 1

! SYM SCELRF
SYM SCBEGT
SYM SCENDT
SYM TARGAL
SYM PAGHCT
SYM 1ARKCC
SYM INJECE
SYM FAZFLG
SYM INJTYP
SYM INT
SYM INX
SYM INJY
SYM INgL
SYM INJLX

i SYM INJUY

| SYM INJUZ

! SyM RMAX
Sym PHL

! SYM INJTOT
SYM INJEQX
SYM MCOPH1
SYM MUOPHZ
SYM ¥0OPH3
SYM HUUPHS
SYM MGUPHS
SYM MUOPHE
SYH MUOPHT
SYM MOUPHE
SYM VENPHL
SYM VENPHZ
SYM VENPH3
SYM VENPH4
SYM VENPHS
SYM VENPHS
SYM VENPHT
SYM VENPHE
SYM MaRPH L
SYH MARPHZ
SYM MARPH3
SYM MARPH4
SYM MARPHS
SYM MARPHE
3R MAKPH T
SYM MARPHE
SYM H
SYH XOPy 1
SYM XOP,1
SYM Tol
S5Ym [ARAD
Sym LUNGRY
SYM SCALEL
SYM GRAYV
SYM HARMN
SYM BRNLPT
SYM RADCPT
SYH DEPLPT
SYM PRTSTPR
SYM FLAGG2, 1
FAL KUNiU L
SYM PRTSWX, 1
SYM STATE .1
SYM uTPCA
SYM GASUPT
SYM VARFLG
SYH NEWUUL
SYHM DELTJC
SYM MNALT
SYM NUTLPH
SYM CLPBTC
SYH CLPETC
SYM CLPETC
SYM CLPBTT
SYM CLPHRC
SYM CLPBRC
SYM LLPHRC
SYH CLPERT
SYM cLPl
SYM SECP50
SYM SECPSC
SYM TAPEX
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SYM OPTSHT, |
_ . SYM  LAUNCK
SYM REWSC oI
SYM COMFLG, 1
Sy COMTRY, [
SYM CUMTRK,
SYM CANSO
LST EQU *-086 LENGTH OF SYMBOL TABLE

_ WHERE SYM IS DEFINEC AS FOLLUWS

MACRU

Z SYM X, Y
14} Ly X

L RMT
1FF 1Y
M2e $x
1FF 0,¥
(24 x
RPT .
£ND
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D. COMMON MAP AND LLOAD MAP
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77152 COMMON 199

77152 COMMON COMMON 1

77316 BFF23 SYN COMMON+100

77152 COM SYN COMMON COMMON BLOCK

77151 PRTUSWT COMMON
T7150 INPSWT COMMON
T7147 OMEGA COMMON

PRINT SUPP. SWITCH, O=SUPPRESS+NON ZERO=NORMAL

77145 COMMON

77143 COMMON BUFFER FOR »TIME,
77143 TT COMMON

17141 COMMON INJECTION EPOCH
77141 T(0) COMMON

77136 COMMUN

77136 TARG COMMON
T7135 LOMEGA COMMON
77134 GHA(T) COMMON
77133 NUTRA COMMON
77124 COMMON
77124 YEAR COMMON
77123 MODE COMMUN
77122 TARGET COMMON

EARTH,S RATE IN RAD/SEC
GREENWICH HOUR ANGLE
NUTATION IN RIGHT ASCENSION

771025 RB5P COMMON
77024 RB4P COMMON
77023 RE3P COMMON

1
1
1
1
2
1
1
1
2
1
1
1
1
6
L
1
1
77120 COMMON 1
77120 GJH COMMON 1
77116 COMMON L
77116 RKH COMMON 1
77115 PHASE COMMON 1
77114 Q COMMON 1
77112 COMMON 1
77111 COMMON 1
77111 TBURN COMMON 1
77110 QK COMMON 1
T7077 COMMON 8
77077 AA COMMON 1 EARTH,S MEAN EQUATOR TO 1950.0
77076 ET COMMON L TRUE OBLIQUITY
77075 CENTER COMMON 1 CENTRAL BODY MEMBER
77064 COMMON 8
77064 {MNA} COMMON 1 MOON,S TRUE EQUATOR MATRIX TO 1950.0
77053 COMMON 8
77053 (NA) COMMON | EARTH,S TRUE EQUATOR TO 1950.0
77642 COMMON 8
T7042 MM COMMON 1 MOON,S TRUE EQUATOR TO EARTH,S TRUE EQUATOR
77040 COMMON L
77040 TOB COMMON 1 OBSERVATION TIME
77036 COMMON 1
77036 TOR COMMON 1 DRIVE TAPE TIME
77035 CODE COMMON L
77034 MASS COMMON L
77033 MASS. COMMON 1
77032 M(T) COMMON L
77031 ACC COMMON 1
77030 RO COMMON L
17027 R COMMUN 1 DISTANCE FROM CENTRAL B0NOY
77026 RB6P COMMON 1 DISTANCE FROM NTH BODY TO PROBE
1
[}
1

T4627 FRQ COMMUN
74363 COMMON
74363 VAR COMMON

5 VARIATIONAL EQUATIONSy 1950.0

17022 RB2P COMMON 1 .
77021 RBLP COMMUN 1 .
77020 RBOP COMMUN 1 .
77017 RB6 COMMON 1 OISTANCE FROM NTH BODY TO CENTRAL BODY
77016 RB5 COMMON 1
77015 Rps COMMUN .
77014 R83 COMMON L -
77013 RB2 COMMUN 1 .
77012 RBL COMMON 1 .
77011 RBO COMMON 1 .
00007 BSEP SYN RBOP-RBO CARTESIAN VELOCITY COORDINATES
76764 COMMON 20 OF THE N BODILS 1950.0
76764 XN. COMMUN 1 CARTESIAN POSITION COORDINATES
761737 COMMON 20 OF THE N BODIES  1950.0
16737 XN COMMON 1
76736 KB6 COMMON 1 GRAYITY COEFFICIENTS OF THE N BODIES
76735 KBS COMMON 1 .
76734 KB4 COMMON 1 .
76133 KB3 COMMON 1 .
76732 K82 COMMON | .
76731 K81 COMMON 1 .
76730 KBO COMMON 1 .
00014  NTABL SYN XNo-XN-9 NUMBER OF CODRDINATES
00044  NTABZ SYN 3eNTABL ENTER CENTRAL DIFFERENCES
00330  NTAB3 SYN 68NTAB2 ENTER TIME POINTS
01122  NTAB4 SYN NTAB3+378
00052  SEPPL SYN 2eXN.-2eXN
76727  JECAN COMMON 1 BUFFERS FOR JEKYL, HYDE., EVAL
76726  MENAN COMMON .
76725 NU COMMON 1 .
76724  ECCEN COMMUN 1 .
76723 AVAL COMMUN 1 .
76722 PVAL COMMON 1 .
16721 NORB COMMUN 1 .
76717 COMMON 1 .
76717  LIMINE COMMUN 1 .
76716  FQFLG COMMON 1 FREQUENCY FLAG, O=OFF, OTHERWISE ON
T6715 VAFLG COMMON 1 VARTATIONAL EQUATIONS FLAG
00007 AMM SYN 7
00064 AMN SYN 52 be6064502
00001 AME SYN i
00011 BAM SYN AMMeAME+L
GENERAL BUFFER FOR MARK I

74524 COMMON  3#AMN+AMNSBAM+ AMNOBAM+AMN® AME
74513 COMMON 9 DERIVATIVES FUR
T4513 FRQ. COMMON 1 FREQUENCY
76447 COMMON 35 OERIVATIVES FOR
Thea VAR, COMMON 1 VARIATIONAL EQUATIONS,1950.0
T4446 Cl.. COMMON 1 COWELL BUFFER 1950.0
74445 CYe. COMMON 1 COWELL BUFFER 1950.0
T44b4 CX.. COMMON 1 COMELL BUFFER 1950.0
74440 COMMON 3 DERIVATIVES FOR POSITIONS, 1950.0
74427 COMMON 9

1

3

1
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74074 SIGMAL COMMON
74073 GAMMAL COMMON
74072 V1 COMMON
74071 THETAL COMMON
74070 PHIL COMMUN

EARTH-FIXED SPHERICAL
EARTH-FIXED SPHERICAL
EARTH-FIXED SPHERICAL
EARTH-FIXED SPHERICAL
EARTH-FIXED SPHERICAL

74362 CZ, COMMON 1 COWELL BUFFER 1950.0
74361 CY. COMMON 1 CUWELL BUFFER 1950.0
74360 CX. COMMON 1 COWELL BUFFER 1950.0
74357 CZ COMMON 1| COWELL BUFFER 1950.0
74356 CY COMMON 1 COWELL BUFFER 1950.0
74355 CX COMMON 1 CUWELL BUFFER 1950.0
74353 COMMON L CURRENT EPOCH
74353 T COMMON 1 .
74351 COMMON L NUMBER OF EQUATIONS
74351 HBANK COMMON 1
74345 COMMON 3
74335 COMMON 8
74335 VARCFF COMMON 1
74271 COMMON 35
74271 VARTRU COMMON 1 VARIATIONAL EQUATIONS, TRUE EQUATOR
74266 COMMON 2 BUFFERS FOR THRUST
74266 CE COMMON 1 .
74260 COMMON 5 MOON - FIXED POSITION 1950.0
74260 €D COMMUN 1 LUNAR OBLATENESS PERTURBATION 1950.0
74256 COMMON 1 EARTH UBLATENESS
74253 COMMON 3 POSETEON WITH RESPECT TO EARTH 1950.0
74251 COMMON 2 POSITION WITH RESPECT TO EARTH MEAN OF DATE
74251 CC COMMON L . »
14246 COMMON 2 EARTH UBLATENESS PERTURBATION 1950.0
T4246 CB COMMON 1 .
14243 COMMON 2 N-BODY PERTURBATION 1950.0
74243 CA COMMON 1 .
74240 COMMON 2 DIRECTION COSINES OF CANODPUS
74240  CANUP COMMON 1 TRUE EQUATOR AND EQUINOX OF DATE
74235 COMMON 2 .
74235 S3 COMMON 1 .
74232 COMMON 2 -
74232 S2 COMMON 1 .
76227 COMMDN 2 3
14227 S1 COMMON 1 .
74202 COMMON 20 VRUE £QUATOR AND EQUINOX OF DATE
74202 X0P. COMMON 1 VELOCITY COORDINATES OF PRDBE IN N B8ODY SYSTEMS
74155 COMMON 20 TRUE eQUATOR AND EQUINDX OF DATE
74155 XOP COMMON 1 POSITION CODRDINATES OF PROBE IN N BODY SYSTEMS
T4130 COMMON 20 TRUE EQUATDR AND EQUINOX OF DATE
74130 XN.1 COMMON 1 VELOCITY CODRDINATES OF NTH 8OODY
74103 COMMON 20 TRUE EQUATOR AND EQUINOX OF DATE
74103 XN1 COMMON 1 POSITION CODRDINATES OF NTH 80DY
74102 Z). COMMON 1 EARTH-FIXED CARTESIAN
74101 Y). COMMON 1L EARTH-FIXtD CARTESIAN
74100 X}s COMMON 1 EARTH-FIXED CARTESI1AN
74077 2) COMMON 1 EARTH-FIXED CARTESIAN
74076 Y) COMMON 1 EARTH-FIXED CARTESIAN
74075 X) COMMON 1 EARTH-FIXtD CARTESIAN
]
1
1
1
1
1
2

73770 DESS COMMON
73767 DEMS COMMON
73766 ALP COMMON
73765 EST4 COMMON
13764 STE4 COMMON

74067 R1 COMMON EARTH-FIXED SPHERICAL
14064 COMMON BUFFER
74064 XEP. COMMON 1 BUFFER
74061 COMMDN 2 FOR 4,SPACE,y
74061 XEP COMMON 1 FUR 4 ySPACE s
74060 Z. COMMON ) OUTPUT BUFFER
74057 Y. COMMON 1 REFERENCED TO
74056 X. COMMON 1 TRUE EQUATOR
T4055 2 COMMON 1 AND EQUINDX OF DATE
74054 Y COMMON ]
74053 X COMMON 1
74050 COMMON 2 1950.0 EQUATDR
74050 CS3 COMMON 1 1950.0 EQUATODR
74045 COMMON 2 1950.0 EQUATOR TO EARTH
74045 €52 COMMON 1 1950.0 EQUATOR TO EARTH
74042 COMMON 2 1950.0 £EQUATOR TO SUN
74042 CS1 COMMON 1 1950.0 EQUATOR YO SUN
74041 QZ0. COMMON 1 ENCKE BUFFER
74040 QY0. COMMON 1 1950.0
14037 UXD. COMMON 1
74036 GZO COMMON L TW0-BODY SOLUTION, 1950.0
74035 UYO COMMUN 1 TWO-BODY SOLUTION, 1950.0
74034 UX0 COMMON 1 TW0-BODY SULUTIUN, 1950.0
74033 Q2. COMMON 1 TRUE SOLUTION, 1950.0
74032 UY. COMMON 1 TRUE SOLUTION, 1950.0
74031 QX. COMMON | TRUE SOLUTION, 1950.0
74030 QZ COMMON ] TRUE SOLUTION, 1950.0
74027 QY COMMON 1 TRUE SOLUTION, 1950.0
74026 QX COMMUN 1 TRUE SOLUTION, 1950.0
74012 COMMON 11
74012 GROPS COMMON 1
74007 COMMON 2
74007 CR1 COMMON 1
74004 COMMON 2
74003 COMMON 1
74003 CPT COMMON 1
74002 CPC COMMON 1
74001 CPM COMMON L
74000 CPS COMMON 1
73717 CPE COMMON 1
73774 COMMON 2
13774 EULER COMMON 1
73773 IAS COMMON 1
737712 INA COMMON 1
73771 ACCD COMMON )

1

1

1

1

1

73763 SET4 COMMON 1
13762 STP4 COMMON 1
13761 TSP4 COMMON 1
73760 TPS4 COMMON 1)
73751 TEP4 COMMON 1
73756 ETP4 COMMON 1
73755 EPT4 COMMON 1
73754 ESM4 COMMON 1
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73753 EMS4 COMMON
73752 SEM4 COMMON
13751 SMP4 COMMON
73750 M$P4 COMMUN
13747 MP54 COMMON
13746 MEP4 COMMUN
73745 EMP4 COMMON
73744 EPM4 COMMON
73743 SEP4 COMMON
73742 €SP4 COMMON
73741 EPS4 COMMON
73740 TALT COMMON
73137 RAQ COMMON
73736 RAA3 COMMON
73735 RAAZ COMMON
73734 RAAL COMMON

73723 COMMON
73723 MVEC COMMON
13720 COMMON
73720 B3UV COMMON
73715 COMMON
73715 B2UV COMMON
737112 COMMON

73712 Bluv COMMON
73711 B3MAG COMMON
73710 B2MAG COMMON
13707 BLMAG COMMON

N e N R 1 e e i e b L RO et 1 b U e e et g e e e R 1 NS e R D B b b e g o B e e b e e

73462 DRT COMMON
73461 MA2 COMMON
73460 EA2 COMMON
73457 TA2 COMMON
73456 TS8P2 COMMON
73455 CRUD COMMON
73444 COMMON
T3444 PEQW2 COMMON
736443 BOSH COMMON

73706 MTA3 COMMON
7370% MTAZ COMMON
73704 MTAL COMMUN
73703 LAQ COMMON
73702 DA3 COMMON
73701 DA2 COMMON
73700 DAl COMMON
73677 SHATL COMMON
73671 COMMUN
73671 SARA COMMON
73663 COMMON
73663 ERIF COMMON
73660 COMMON
73660 JOSHT COMMON
13654 COMMUN
73654 SCUM CDMMON
73653 SHA COMMON
713652 VT COMMON
73651 RT COMMON
73650 VM COMMON
73647 RM COMMUN
73646 VS COMMON
73645 RS COMMON
73642 COMMON
13642 vOT COMMON
73637 COMMUN
73637 ROT COMMON
13636 ReA.M COMMON
73633 COMMON
73633 VOL COMMON 1
73630 COMMON 2
73830 ROl COMMON 1
73627 R.A.S COMMON 1
13624 COMMON 2
73624 V02 COMMON 1
73621 COMMUN 2
73621 RO2 COMMON L
73620 SIA COMMON 1
73617 RAWXR COMMON L
73616 TSBP3 COMMON 1
73605 COMMON 8
73605 PEGQW3 COMMON 1
73604 BAGE COMMON
13603 GARB COMMDN 1
73564 COMMON  1e
73564 GRUBS COMMON 1
73545 COMMON 14
73545 GRUB6 COMMON 1
73533 COMMUN 9
73533 GRUB5 COMMON 1
73523 COMMON 7
73523 GRAB6 COMMON 1
73515 COMMON 5
73515 GRAB5 COMMON 1
73513 COMMON 1
73513 MUSE3 COMMON 1
73505 COMMON 5
73505 TGSPH COMMON 1
13477 COMMUN S
73477 ERSPH COMMON |
73476 MA3 COMMON 1
736175 EA3 COMMON 1
13474 TA3 COMMON
73473 SVL COMMON 1
73472 HNG COMMON L
73471 HGE COMMON 1
73470 ADS COMMON 1
73467 DPT COMMON L
73463 COMMON 3
73463 SCRUG COMMON
1
1
1
1
1
1
8
1
1
73424 COMMON 14
73424 GRUB4 COMMON 1
713412 COMMON 9
73412 GRUB3 COMMON 1
73402 COMMON 7
1

73402 GRAB4 COMMON
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73374 COMMON
73374 GRAB3 COMMON
73372 COMMON
73372 MUSE2 COMMON
73370 COMMON
73367 COMMON
73362 COMMON
73362 JUICE COMMON
73350 COMMON

73350 SCMP, COMMUN
73347 SCAMP COMMON

73335 COMMON
73335 MAL COMMON
73334 EAL COMMON
73333 TAL COMMON
73332 DR COMMON
| 73331 ALT COMMON
73330 GED COMMON

73327 LONGS COMMON
73326 LONGM COMMON
73325 TSBPL COMMON
73314 COMMON
73314 PEQW COMMON
713313 CRUMY COMMON
73312 CRUMB COMMON

73273 COMMON 4
73273 GRUB2 COMMON
73261 COMMON
73261 GRUBY COMMON
73251 COMMON
73251  GRAB2 COMMON
73243 COMMON
73243 GRABL COMMON
73261 COMMON
73241 MUSEL COMMON
73235 COMMON
73235 LTS COMMON
73234 ASD COMMON
73233 T(FIL COMMON
73232 SPN COMMON
' 73231 PRFLG COMMON
73227 COMMON

73227 37HED COMMON

PECIAL PRINT ONLINE QR 3070 SS6
SINGLE SPACE
DOUBLE SPACE
SUPPRESS SPACE
EJECT PAGE

ENE PRINT OFF LINE
SINGLE SPACE
DOUBLE SPACE
SUPPRESS SPACE
EJECT PAGE

INE PRINT ONLINE OR 3070 $564554
SINGLE SPACE
DOUBLE SPACE

73226 SPLA COMMON
73225 SP2A COMMON
73224 SP3A COMMON
73223 EJCTA COMMON

73222 SP1B COMMON

73221 SP2B COMMON

73220 SP38 COMMON

73217 EJCTB COMMODN
.

73216 SPLC COMMON
73215 SP2C COMMON

T i T e = e D) e e b s et W) e e o UL e e O B e e et (D B et B e e et 5t 0 B 0 B D B e e 0 U

73214 SP3C COMMON 1 SUPPRESS SPACE
73213 EJCTC COMMON 1 EJECT PAGE
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$JOB  RJW,.10820CC, 542-10401-1-3120,FC 121751 & 02726765 sesssascssesansase
. JPTRAJ
. USE LIBE TAPE(LQ}

AP

.
CARC-CCUNT ESTIMATE MISSING.

2/26/65 PAGE 1
000C5 ENTRY DUMMY
000Ce ENTRY EOS
00062 ENTRY CANCLK
0001¢ ENTRY DATCEL
0000¢C ENTRY RGGSAV
000C1 ENTRY RGGSTR
-000¢7 ENTRY EXPORT
C0077% REGSAV BOOL 715
000716 REGSTR 800L 76
€0000 0021 00 C 00775 RGGSAV TTR REGSAV
€000 (0021 00 C 00776 RGGSTR TTR REGSTK
00002 CANCLK B8SS 3
00005 DUMMY ECU .
00005 +00000000CC00 DEC 0
00006 0020 0C 4 000C) EQS TRA 14
C00C7 QO 00000 C 0000C EXPORY PIE 2ERC=JPL NCN=ZERC=EXPORT
USED IN SUBR PRSET AT LOC TIME
TC CONTRCL SENSING CF CN-LENE PRINTER
00010 C0020206C605 CATCEL CATE
END

2/26/65 PAGE 1
PCST PROCESSOR ASSEMBLY DATA
11 IS THE FIRST LCCATION NOT USED 8Y THIS PROGRAV
NC ERRCR IN ABUVE ASSEMBLY.
CATA
ENTRY POINTS TC SUBRCUTINES REQUESTED FROM LIBRARY,
SETHI WRITEB ENCOUT REWIND ouTUS ACTIND BFLG RESTKA REQIND PRCON
CKIND CKACT WRITEC UNLOAC READB BSREC
THE NAME OF THIS PRCGRAM IS *SPACE ¢ 2/26165
ENTRY NAME  ENTRY AOC.  TRANSFER VECTCRS  LDAD ADD. OCTAL LENGTH DECIMAL LENGTH COMMON BREAK
CUMbY 22305 *NONE* 22300 ooc12 00010
ECS 22306
CANCLK 223c2
CATCEL 22310
RGGSAV 223C0
RGGSTR 223C1
EXPCRY 22307
LCG10 22312 *NONE * 22312 00674 00060 7715t
LN 22316
SCRT 224C6 TNONE * 22406 00052 00042 77151
SIN 22460 TNONE* 22460 00237 00159 77151
ccs 22463
CSIN 224¢€7
ccas 22471
CROSS 22147 SORT 22n1 00103 00087 77151
PRALC 22120
UNIT 23¢C1
ARTAN 23022 *NONE* 23022 00071 00057
cavs 23116 EIX 23113 00031 00025 17151
FLCAT
ADD
ACO 23144 *NONE* 23144 00031 00025 77151
FIXT 23176 FLOAT 23175 00257 oo175
FLOT 23301
Fix 23454 *NCNE* 23454 00012 00010
FLCAT 23460
CHANGE 23472 GROP 23466 00035 00029
ORBETY
SPRAY
PRINTD
ECLIP 23526 cos 23523 00056 00046
SIN
MATRIX
RVIN 23610 cos 23801 00310 00200
RVOLT 237133 SIN
MATRIX
PRCU
ARTAN
UNIT
ARSIN
GHA 24114 DAYS 24111 00105 00069
FIX
FLOAT
GEOLAT 24220 SIN 24216 00056 00046 77151
SQRT
GETTER 24276 PRCO 24274 00045 00037
ARCOS
SPACE 24346 cos 24341 Qolél 00113
EARTH 24435 SIN
MATRIX
RVOUT
RVIN
cLuck 24526 UNIT 26522 00111 oou73
CROSS
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ECONC
NEWBCD

ARSIN
ARCCS
WCLF
Tim
VACH

RCTEC
CELTJD
eCoY
BCDY1

GASJET
GASSET
GASCPT
GASFLG
CASTIM

TIMEL
TIME2
TIME3
LAUNCH

MARSVM
VARSPC
FARFIX
PMAT
FPMAY
MHA

WRITEL
WRITEN
WRITEC
cco

GRUPPE

SEITE
CASE
EJECT
PAGBCD
LINES
EJECT]
SPRAY
EFFECT
HARMN
FRBLATY
HARMN2
SVARY
VARY
PHL
RMAX
RCT
NUTATE
RESET
INTRAN
CANSC
INJECD
INJTYP

24¢€36
24661

24704
247C0
25050
251€0
25161

25164
25330
25342
25372

25530
25660
26CC4
26003
2s5c27

261C6
26111
26114
26434

26460
26571
26604
26671
266¢0
26655

26766
27020
27€40
27165

272710

273C6
27352
27350
27356
27353
27351
27430
27442
27512
27513
27514
30CCO
30067
32270
32271
31574
318522
31746
30412
31765
31132
31133

PROD
ARTAN
PROUT
ERPRT
ABORT
NONE*

OPRFLG
PRSET
TIMEL
GRUPPE
PROUT
TIME
KERN1
MNAET

SQRT
ERPRT
PROUT
ABORT
BCEND
CANSC
UNIT
CROSS
ApL
MATRIX
FLaTY
GASTML
FLGWRD
GASTR1
GASTMZ
GASTR2
OPRFLG
EQUNX1
TARBCD
INJEQX
OAYS
FIXT
ACD
FIX
FLOAT
GRUPPE
PROUT
SIN
cos
CRCSS
UNIT
FIX
FLOAT
MATRIX
VARFLG
RITFLG
FLGWRD
SETHI
WRITEB
GRUPPE
RUNTD
PROUT
SCFORF
PAGBCD
TARBCD
TINJBCD
INJTYP
INJT
INJX
INJDX
RMAX
PHL
INJTOY
INJEQX
BRNOPT
RADOPT
GASOPT
NEWBOD
TARAD
GRAV
LUNGRV
ouT
ECM
HARMNZ
Tim
MACH
DELTJID
MNAET
NUTEPH
SCBEGT
SCENDT
KERN1
ENRNR]

GROP
GROPL
PMAT

*NONE"®

DAYS
€T,
ROTEQ
MNA
GHA
RVIN
EARTH
MNAL
MNAMD1

24633

24700
25041

25163

25336

25514

26072

26450

26711

27265

27304

27427
27441
27511
30000

30345

37

00C45

00141
00122

00153
00156

00356

00356

00241

00354

00017

00123

000t2
00050
00267
00345

01753

00037

00097
00082

00107

00110

00238

00238

Gol6l

00236

00015

00083

00010
00040
00183
00229

01003

77151

77123

77052

17074
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INJX
INJY
INJZ
INJCX
INJCY
INJCZ
INJECX
CENTRS

CCMFLG

31134
31135
31136
31137
31140
31141
31142
31225

32333
32332
32510
325C7
32540
32537
33721
34211
34C01
34207
34210
34344
34343
34350
345C2
34503
34510
34540
345414
34542
34543
34544
34667
34612
345C4
34551
34567
41063
371715
411C6
377C4
40124
40120
40226
40070
41067
41062
40460
40516
41C71

BACY
HARMN
SVARY
GRUPPE
EPKSET
GRAV
LUNGRY
SCALEL
PROUT
RADOPT
BRNOPT
GASOPTY
TIME2
ECLIP
MATRIX
MNAET
NUTMAT
INTR1
UNIT
EQUNXL
cos
SIN
SQRT
CROSS
ARCOS
ARSIN
ERPRT
ABORTY
PRCD
FIXx
FLDATY
cos
SIN
SQRT
ARTAN
BODTAB
ANTR1
NUTLEB

PPOOR
DUBFLG

PROUT
ENCOUT
OPRFLG
EXPORY
FLGWRD
THPP&
SCFORF
BOCFIN
WRITEC
GRUPPE
INJT
INJTDTY
INJBCD
HBODY
FLUSH
aT1Q
BTC
BYO

BRCQ
BRC
8RO
8RY
TFD
TFH
TFM
TFLIND
TFLINK
JULD
SCBEGT
SCENDT
TARGAD
PAGBCO
TARBCD
FAZFLG
INJTYP
INJX
INJY
INJZ
INJDX
INJOY
INJDZ
RMAX
PHL
INJEQX
MOOPHL
MOOPH2
MOOPH3
MOOPHA
MOCPHS
MOOPHE
MOOPHT
MOOPH®
VENPH1
VENPH2
VENPHI
VENPH4
VENPHS
VENPHé
VENPHT
VENPHE
MARPH1
MARPH2
MARPH3
MARPH4

32320

34346

37524

38

02026

03156

01366

01046 77041
01646
00758 73212
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PROUT
FGDCUT
PRCNV
PROLT2
PROUTI
TSXA
SPRCUT
LABEL
THWC
FLUSH
PROUTA
PROLTE
PROLTC
FROLTC
CLASS
SPECL
JEKYL

ACCEL

EPHSET
BNTR2
ANTR1
INTRIL
GRAY
SCALEL
cut
E.T.
EGM
NEWBCC
NUTLCB
BGOTAR

EPHEM

Tabey

EPTAPE
BCCLSK
BCOFIN

CCNIC
USERV
PRINTC
TARAC
CLAPP
SacC
SAVA
IMPFLG
PRNTCL
GROPYL
BTQ
arc
avTo
arTr
8RQ
arC
BRQ

41124
“2211
41215
41202
41206
43167
41124
43757
43160
43736
42151
42153
43727
4“37€2
454€2
46C37
44171

461352

52¢13
52613
52100
527C0
52542
52536
52540
531C7
52534
52530
46744
52567

53120
' a

54452
54602
54675

60576
61CC2
55751
60177
62650
60540
60730
62651
55750
60150
60543
60544
60545
60546
60547
60550
60551

MARPHS
MARPHG6
MARPHT
MARPHB

L]
TARAD
LUNGRY
SCALEL
GRAV
HARMN
BRNOPT
RADOPY
DEPOPTY
PRTSTP
CTPCA
GasoPY
VARFLG
NEWBOD
DELTJD
MNAE T
NUTEPH
CLPBTQ
CLPBTC
CLPBTO
CLPRTT
CLPBRQ
CLPBRC
CLPBRO
CLPBRT
CcLePY
SECPSO
SECPS0
TAPEX
LAUNCH
CANSO
PROUTA
PROUTE
PROUTC
PROUTD
REWING
THWD
Tiv
MACH
FGDOUT
LABEL
TRAY
outus
ACTIND
BFLG
RESTKA
REQIND
PRCON
CKIND
CKACTY
WRITED

SGRY
UNIT
CROSS
LN
ARTAN
ARCOS
SIN
HARMN
INSTYP
SAVA
RMAX
GRAV
soCY
soeYl
PROD
ceM

<6
RACSO
MATRIX
NEWBCD
FIXx
TARAD
CENTRS
CENTES
DAYS
EPHEM
GRUPPE
PROUT
ERPRT
ABORT
UNLOAD
TAPEX
EPTAPE
REWIND
READR
BSREC
ROT
ACCEL
NUTOBL
NUTLON
PROUT
ABORT
ERPRT
SPRAY
EFFECT
ROV
PRSET
ORBETY
EQUNX1
RESET
TIMEL
DAYS
ARTAN
PROD
ARSIN
GEYTER
SIN
SPACE
RVCULT
GEDLAT

4112

44027

46342

46504

53tl4

54572

55634

39

02715

02313

00142

04410

01456

01C42

05232

01485

01227 76716

00098

02312

00814

00546

02714 13212
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BRT
TFD
TFH
TFHM
TFLIND
TFLINH
cLPBTQ
CLPBTC
CLPBTO
CLPBTT
CLPBRQ
CLPBRC
CLPBRO
CLPBRT
CLPT
JULD
CENTES

DEPLOC
DEPVAL
DEPLAM
PRTSTP
INJFLG
BRNTYP
BRNBOD
BRNALT
HU{0))
TRAJL
TRAJ
TARN
BRNCNT
BRNTHMS
BRNC3S
BRNDTM
BRNMUS
BRNACC
BRNMAS
BRNNMS,

60552
60554
60555
60556
60557
60560
60561
60562
60563
60564
60565
60566
60567
60570
60571
60573
55741

67165
67170
67166
67062
67172
70144
64160
64162
67171
67162
67164
67300
67350
67420
67470
67540
67610
67660
67730
67420
67470
67540
67610
67660
67730
67300
67350
67610
87660
67730
67300
67350
57420
67470
67540
70130
10131
70136
70145
70146
70150
70152
70153
70154
70156
70157
70160
70162
10174
10200
70201
70203
70207
70213
70214
10132
64655
67176
70215
70216
70220
70106
10100
70101
70102
10100
70103
10064
70118
70116
T0117
64653
63164
63178
67014
70106
70107
70113
70111
70114
70122
70120
70121

SPECL

TIME3
INJBLD
BCOND
SQRT

INJTYP
CASE
IMPFLG
CLAPP
BNTR2
8CDND
FLOT
EJECT
SEITE
GASFLG
GASOPT
GASSET
INJBCD
INTRAN
WRITEL
INTRL
PROO
WOLF
SPRAY

WRITEN

63066

05165 02677 73212
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TARGAD

SPACE *

UNUSED CORE LIES FROM

70057
66141
70135
70133
70066
64247
64110
64112
64243
64245
64533
70074
70074
67006
67175
70254
70256
70261
70263
70472
T0475
70500
70503
70506
70464
70467
70635
70635
70643
70672
T1526
71257
73121
73164
73120
73117
73115
73200
73201
73202
73203

JUST "LOADED.

t1ou) 70253 00365 00245
"NONE* 70640 00030 00024
RGGSAY 10670 02320 01232
RGGSTR

73210 THROUGH 13212, LEAVING 00003 OCTAL OR 00003

41
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V. OUTPUT

A. SPACECRAFT EPHEMERIS TAPE AND DISK FORMATS
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TAPE [C RECUKD

FLAG TO DESIGNATE FREQ OF COMPUTATION OF MATRICES

BUFFER NUMBER CF CESCRIPTION

NAME PARAMETERS

RUNID 1 8CC S/C EPHEMERIS ICENTIFICATICN
FLGWRC 1 CURRENT STATUS FLAG WORD

SCFGRF 1 CATA RECGRD FORMAT FLAG

PAGBCD 4c SPACE PAGE HEADING

TARBCC 1 BCC TARGET NAME

INJBCC 1 BCC INJECTION CENTRAL BOCY NAME

NJTYP 1 TYPE GF INJECTION CCNDITICNS

TanJT 2 SEXAGESIMAL INJECTION EPCCH

INJSX 3 INJECTION CONDITIONS

INJDX 3

RMAX L

PHL L

INJTOT 1 CELTA TIME ACDED TO INJT

INJECX 1 INJECTIUN EQUINOX

BRNOPTY 18 FUTOR BURN INPUT PARAMETERS

RACQPT 6 RADIATION PRESSURE INPUT PARAMETERS
GASOPT 17 GAS JETS INPUT PARAMETERS

NERBOD 4 BCCY TC REPLACE SATURN OPTION

TARAD 7 TABLE OF BOOY RADII

GRAY 7 N-83CY GM*S

LUNGRY 4 LUNAR POTENTIAL CONSTANTS

CMEGAQ 1 ROTATION RATE OF THE EARTH

buT 1 CIFFERENCE=ET-UT

EGM 4 GM'S USEC FOR EPHEMERIS

HARMN2 14 CGBLATENESS CCNSTANFS FOR EARTH AND MARS
VARFLG 1 VARIATIONAL EQUATIONS FLAG

T 1 TIME CF CAY CF S/C EPHEMERIS GENERATICN
PACH 1 FACHINE USED TN S/C EPHEMERIS GENERATION
SYSDAT 1 CATE OF S/C EPHEMERIS GENERATICN
CELTID ' JC 195C.0 ~ JD O HR JAN 1, 195C

MNAET i

NUTEPH L FLAG TC CESIGNATE WHERE TO GET NUTATIGNS
SCBEGT 2 EPOCH TO START WRIFING S/C EPHEMERIS
SCENDT 2 EPQCH TO STOP WRIFTING S/C EPHEMERIS

cx 6

TAPE CATA RECORD

INJECTION CONDITIONS MEAN 1950.0 EARTH EQ.

33-198

BUFFER NUMBER CF CESCRIPTION

NAME PARAMETERS

RUNID 1 BCL S/C EPHEFMERIS [CENTIFICATICN
FLGWRC 1 CURRENT STATUS FLAG WORD

KERNL 1 BCC CENTRAL B8UDY NAME

FNRRN] 1 CIFFERENCE CCUNT

HC 1 STEP STZE FOR RECORD

TTITT 2 END TIME FUR RECORD

JJ L NUMBER OF INTEGRATION STEPS TAKEK
DISTIM 2 DISCCNTINUITY TIME IN RECORD
HBANK+4 6/42 PCSITICN

HBANK+108 6/42 VELOCTTY

HBANK+264 6/42 CELTA C

HBANK+31¢£ 6742 CELTA 1

HBANK+368 6/42 CELTA 2

HBANK+42C 6742 CELTA 3

HBANK+472 6/42 DELTA 4

HBANK+524 6/42 CELTA 5

HBANK+57¢ 6/42 CELTA 6

DISK RECORC

ALL VECTCRS ARE REFERENCED TC AN EARTH TRUE EQUATOR ANC EQUINCX
CF-CATE COCRCINATE SYSTEM

DESCREPTION UNITS
I-COMPUNENT CF SPACECRAFT ACCELERATION KM/SEC2
Y-COMPCNERT CF SPACECRAFT ACCELERATION KM/SEC2
X-COMPUNENT CF SPACECRAFT ACCELERATICN KM/SEC2
AUTATICN IN OBLICUITY DEG
NUTATICN IN LONGITUDE DFG
VARIATIONAL ECUATIONS STCRED ROW-WISE IN
FORTRAN I1 ORDER. UNITS ARE KM AND SEC.

?7-CCMPCNENT GF SPACECRAFT VELOCITY KM/SEC
Y- COMPCNENT CF SPACECHAFT VELACTTY KM/SFr
X-COVMPCNENT OF SPACECRAFT VELUCITY KM/SEC
I-COMPINENY CF SPACECRAFT POSETICN K&
Y-COMPCNENT OF SPACECRAFTY POSITICN KM
X—-COMPCNENT CF SPACECRAFT POSITICN KM
SECOND PRLCISICN PART CF DGUBLE PRECISION SEC

SECCONDS PAST ZERC HCURS JANUARY 1,1950

FIRST PRECISICON PART OF DOUBLE PRECISION SEC

SECCNDS PAST ZERD FGURS JANUARY 1,1950
NUT USED

e NUTE THE ABCVE TABLE §S BUFFERED 8 AT A TIME [NTG 'BUFFER®
WITHIN *BCCCSK*. THEREFORE THE DISK RECORDS ARE

4CC WCROS LONG.

49



JPL TECHNICAL MEMORANDUM NO. 33-198

B. PRINTED OUTPUT FORMAT AND DEFINITIONS
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CONSTANTS
LINE A
C‘S: (NC.) I1BSYS-JPTRAJ-SPACE (DATE) (PAGE NC.)
LIN

{FIRST LINE CF PAGE HEADING
LINE

(SECOND LINE OF PAGE MEADING
LINE D

COUBLE PRECISION EPMEMERIS TAPE -~ EPHEML
LENE E
GME GRAVITATIONAL COEFFICIENT FOR THE EARTH IN KM®#3/SECe2
CCEFFICIENT OF THE SECOND MARMONIC IN EARTHS OBLATENESS
COEFFICIENT OF THE THIRD HARMONIC IN EARTHS OBLATENESS
COEFFICIENT OF THE FOURTH HARMONIC IN EARTHS OBLATENESS
RE EARTH RADIUS YO BE USED IN THE EARTHS OBLATE POTENTIAL, KM
REM EARTH RADIUS TO CONVERT LUNAR EPHEMERIS TO KM
LINE F

oTe

UNTVERSAL GRAVITATIONAL CONSTANT FOR LUNAR OBLATENESS, KMe3/SEC#2-KG
MOMENTS OF INERTIA GF MOON FOR LUNAR OBLATE POTENTIAL JKG~KM#2

caro

OME RCTATION RATE OF THE EARTH IN DEG/SEC
ASTRONOMICAL UNIT TC CONVERT PLANETARY EPHEMERIDES TC KM

»
=3

LINE G
GMM GRAVITATICNAL COEFFICIENY FOR THE MOON IN XMe3/SECe2
GMS GRAVITATICNAL COEFFICIENT FOR THE SUN IN KM®3/SECe2
GMV GRAVITATICNAL COEFFICIENT FOR VENUS IN KMa3/SEC*2
GMA GRAVITATIONAL COEFFICIENT FOR MARS IN KM#3/SECe2
GMC GRAVITVATIONAL COEFFICIENT FOR SATURN [N KMe3/SECe2
GPJ GRAVITATICNAL COEFFICIENT FOR JUPITER IN KMe3/SECe2

LIKE H
E

@
x

EARTHS GMy USED WITH EPKEMERIDES, NOT PERTURBATIONS, KMe3/SECe2
MGM MOCNS GM, USED WITH EPHEMERIDES, NOT PERTURBATIONS, KM®3/SECe2
JA CCEFFICIENT OF THE SECONC HARMONIC TN MARS OBLATENESS

HA CCEFFICIENT OF THE THIRC HARMONIC IN MARS DBLATENESS

DA CCEFFICIENT COF THE FOURTH HARMONIC IN MARS OBLATENESS

RA MARS RACILS TO BE USED IN THE MARS OBLATE PGTENTIAL, KM

ACCELERATIONS

LINE f (IF SOLAR RACIATION PRESSURE IS REQUESTED)
RADIATICN PRESSURE INPUT
HE J (IF SOLAR RACIAYION PRESSURE [S REGUESTEQD)
ARA AREA CF SPACECRAFT, SCUARE METERS
G8 MULTIPLE CF PERCENT GF REFLECTEC RADLIANT ENERGY
MAS MASS COF SPACECRAFT,KG
GB1 CCNSTANT COEFFICIENT OF PCLYNOMIAL, RACIANS-SQUARE METERS
GB2 LINEAR COEFFICIENT CF POLYNOMIAL,RADIANS-SQUARE NETERS/DEG
SC  SCLAR RADIATION CONSTANT, (KG-KM/SCUARE SEC)E-6
LINE K (IF GAS JETS ARE REQUESTED)
ATTITUOE CONTROL INPUT
LINE L {IF GAS JEFS ARE REQUESTED)
GAS FLAG
GRB REFERENCE 8LLY
GS1 START TIME SEG. YYMMDDDHH
682 MMSSFFF
GOT DELTA T ACDEC TO START TIME,SEC
LINE M LIF GAS JETS ARE REQUESTED}
GEl END TIME SEG. YYMMDODHH
GE2 MMSSFEF

PN
-

GMS MASS,KG
GAD FA POLYNOMIAL QUADRATIC TERM
GAL LINEAR TERM
A2 CONSTANT TERM
LINE N (IF GAS JETS ARE REQUESTED)
GBO FB POLYNOMIAL QUADRATIC TERM
6Bl LINEAR TERM
GB2 CONSTANT TERM
GCO FC POLYNDMIAL QUADRATIC TERM
GC1 LINEAR TERM
CONSTANT TERM
LINE O (IF MOTOR BURN IS REQUESTED)
MCTOR BURN INPUT
LINE P (IF MOTOR BURN IS REQUESTED)
BRN FLAG FOR BURN If ZEROD NC BURN
BTl START TIME IN SEGe. YYMMODDHH
872 MMSSFFF
8CT OURATION OF BURN,SEC )
8C3 VALLE OF ENERGY FOR SHUT CFF, KM2/SEC2
BMU BIAS ANGLE,CEG
LINE G (IF MOTOR BURN IS REQUESTEC)
BCF GUICANGE FLAG _ _ _ o o
BCD BODY FROM WHICH TO MEASURE ALTITUDE TO START BURN
BAL ALTITUDE ABCVE BODY TO START BURN,KM
BWT WEIGHT OF VECHILE,POUNDS
BW. FLOW RATE,PCUNDS/SEC
BTH TFRLST,POUNDS FORCE
LINE R (IF MOTOR BURN 1S REQUESTEC)
BPG PRINT GROUPS DURING BURN
BPC CCNIC GROUPS DURING BURN
BCX X CCMPONENT OF C VECTOR,.KM
BCY Y
ecz 2
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INJECTION CONDITIONS

LINE A
INJECTICN CCNCITIONS (EQUINOX) (TARGET) (CP SEC PASY 1950} (JD) (CALENDAR DATE)

LINE 8 (INCLUDES ONE OF THE e LINES BELOW)
(CENTRAL BOCY)

«IF CCORDINATES ARE INERTIAL CARTESIAN
X0 VERNAL EQUINCX CARTESIAN POSITEON, KM
Yo

0
DX0 VERNAL FQUINCX CARTESIAN VELOCITY, KM/SEC
ovo
020

#1F COORDINATES ARE SPHERICAL INERVIAL
RAD RADIUS, KM
DEC DECLINATION, DEG
RA RIGhT ASCENSION, DEG
V VELCCITY, KP/SEC
PTL PATH ANGLE, CEG
AZ1 AZIMUTH ANGLE, CEG

«1F COORDINATES ARE EARTH-~FIXED OR SELENOGRAPHIC
RAD RADIUS, K¥
LAT LATITUDE, DEG
LCN LCNGITUDE, CEG
VE VELCCITY RELATIVE TC ROTATING COURDINATE SYSTEM, KM/SEC
PTR PATH ANGLE RELATIVE TO ROTATING COORDINATE SYSTEM, DEG
AZR AZIPUTH AMGLE RELATIVE TO ROVATING COORDINATE SYSTEM, DEG

®IF COORDINATES ARE ENERGY-ASYMPTOTE
AZL AZIPUTH AT LAUNCH SITE, CEG
RAD RADIUS, KV
PTH PATH ANGLE, LEG
C3 ENERGY CONSTANT FROM VIS VIVA INTEGRAL, KMe2/SEC#2
DAD BECLINATICN GF OUTGCING ASYMPTOTE, DEG
RAQ RIGhT ASCENSION OF CUTGOING ASYMPTOTE, DEG

LINE C
(TYPE} (CARTESIAN,SPHERICAL (EARTH FIXED,SELENOGRAPHIC,ENERGY-
ASYMPTUTE ,PSEUDO-ASYMPTOTE)
TO SECCNDS PAST MICNIGHT OF INJECTION TIME, SEC
GHA GREENWICH HCUR ANGLE OF VERNAL EQUINOX AT INJECTION £POCH, DEG
GHO GREENWICH HCUR ANGLE OF VERNAL EQUINOX AV PREVIOUS MIDNIGHT, DEG
(IECLEPTIC) 1S PRINTEC IF APPLICABLE)
LINE D

(DATE ANO TIME CF RUN}) (CENTRAL BODY) (EQUATIONS OF MOTION)

GECCENTRIC

(TIPE PAST INJECTION) (EQUINOX) (DP SEC PAST 195C) {JD) (CALENDAR DATE)
GEOCENTRIC (COORDINATE PLANE)

LINE A
X VERNAL EQLINCX CARTESIAN POSITION, KM
Y

1
CX VERNAL EQUINCX CARTESIAN VELOCETY, KM/SEC
[34
£z
LINE B
R RADIUS, KF
DEC DECLINATICN, DEG
RA RIGHT ASCENSION, DEG
INERTIAL SPEED, KM/SEC
PTH INERTIAL PATH ANGLE, DEG
Al INERTIAL AZIMUTH ANGLE, DEG
LINE C

<

R RADIUS, KV
LAY GEOCENTRIC LATITUDE, DEG
LCN EARTH-FIXED LONGITUDE, DEG
VE EARTH-FIXED SPEEDs KM/SEC
PTE EARTH-FIXED PATH ANGLE, DEG
ALE EARTH-FIXED AZIMUTH ANGLE, DEG
LINE O
XS THE GEDCENTRIC POSITION OF THE SUN, KM

DXS THE GEOCENTRIC VELOCITY OF THE SUN, KM/SEC

LINE E
XM THE GEOCEATRIC POSETION OF THE MOON, KM

DXM THE GEOCENTRIC VELOCITY OF THE MOON, KNM/SEC

LINE F
XT THE GEDCENTRIC POSITION OF THE TARGET BODY, KM

m

OXT THE GEOCENTRIC VELOCITY OFf THE TARGET BODY, KM/SEC

LINE G
RS EARTH-SUN DISTANCE, KM
VS GEOCENTRIC SPEED OF SUN, KM/SEC
AM EARTH-MCON CISTANCE, KM
VM GEOCENTRIC SPEED OF MOON, KM/SEC
RT EARTH-TARGET DISTANCE, KM
VT GEGCENTRIC SPEED OF TARGET, KM/SEC

CONTINUED ON NEXT PAGE
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LINE H
GED GEOCETIC LATITUDE, DEG
ALT ALTITUDE ABCVE THE EARTHS SURFACE, KM
LCS LONGITUDE QF SUN, DEG
RAS RIGHFT ASCENSION OF SUN, DEG
RAM RIGHT ASCENSION OF MOON, DEG
LOM LCNGITUDE OF MDON, DEG

UT EPHEMERIS VIME MINUS UNIVERSAL TIME, SEC
OT ACAMS-MOULTGN STEP SIZE, SEC

DR GEOCENTRIC RADIAL SPEED OF PROBE, KM/SEC
SHA SUN SHADOW PARAMETER, KM

DES DECLINATICN CF THE SUN, DEG

DEM OECLINATICN OF THE MOGN, DEG

CCL CANCPUS CLOCK ANGLE, DEG
MCL MCON CLCCK ANGLE, DEG
TCL TARGET CLCCK ANGLE, OFG

HELIOCENTRIC

HELIOCENTRIC {COORDINATE PLANE)

LINE A
VERAMAL EQULINCX CARTESIAN POSITION, KM

CX VERMAL EQUINCX CARTESIAN VELOCITY, XM/SEC

R SUN-PROBE RACIUS, KM

LAT CELESTIAL LAFITUDE ~ OR DECLINATION - OF THE PROBE, DEG

LON CELESTIAL LENGITUBE - DR RIGHT ASCENSION - OF THE PROBE, DEG
V INERTIAL SPEED, KM/SEC

PTH PATF ANGLE, CEG

AL AZINUTH ANGLE, DEG

HELTOCENTRIC POSITION OF THE EARTH, KM

OXE HELTOCENTRIC VELCCITY OF THE £ARTHy KM/SEC

XT HELIOCENTRIC POSITICN OF THE TARGET, KM
OXT HELIOCENTRIC VELOCITY OF THE TARGET, KM/SEC

LINE E
LTE CELESTIAL LAVITUDE - OR DECLINATION - OF THE EARTH, DEG
LCE CELESVIAL LCNGITUDE - OR RIGHT ASCENSION ~ CF THE EARTH, DEG
LTT CELESTEAL LAVITUDE - OR DECLINATION - CF THE TARGET, DEG
LOTV CELESTIAL LCNGITUDE - OR RIGHT ASCENSICN ~ OF THE TARGET, DEG
RST DISTANCE CF THE TARGET FROM THE SUN, KM
VET SPEEN NF THE TARAET WITH OFSPECT TN THE SHN. KM/SEC

EPS EARTH-PROBE-SUN ANGLE, DEG
ESP EARTH-SUN-PRCBE ANGLE, DEG
SEP SUN-EARTH-PRCBE ANGLE, DEG
EPM EARTH-PROBE-MOON ANGLE, CEG
EMP EARTH-MCON-PROBE ANGLE, CEG
MEP MCON-EARTH-PROBE ANGLE, DEG
LINE

o

MPS MCON-PROBE-SUN ANGLE, DEG
MSP MOON-SUN-PRCBE ANGLE, DEG
SMP SUN-MOON-PRGEE ANGLE, DEG
SEM SUN-EARTH-MCCN ANGLE, DEG
EMS EARTH-MCOM-SUN ANGLE, DEG
£3M EAKVH-DUN-MLLN ANGLEs UEG

LINE H (NOT PRINTELC IF TARGET=MOON}
EPY EARTH-PROBE-TARGET ANGLE, DEG
ETP EARTH-TARGE YT-PROBE ANGLE, DEG
TEP TARGET-EARTH-PROBE ANGLE, DEG
TPS TARGET-PRCBE-SUN ANGLE, LEG
TSP TARGET-SUN—PROBE ANGLE, CEG
STP SUN~-TARGET-PROBE ANGLE, DEG
LINE I [(ONLY RPM AND SPN ARE PRINTED IF TARGET=MOON}
SET SUN-EARTH-TARGET ANGLE, DEG
STE SUN-TARGET-EARTH ANGLEy CEG
EST EARTH-SUN-TARGET ANGLE, CEG
RPM PROBE-MCON CISTANCEs KM
RPT PROBE-TARGET CISTANCE, KM
SPN SUN-PROBE-NEAR LIMB UF EARIM ANGLE, DEG
LINE J (PRINTED IF RADIATION PRESSURE OPTION IS USED)
SAC SCLAR RADIATION PRESSURE ACCELERATION MAGNITUDE
LINE

GCE CLOCK ANGLE CF EARTH, DEG
GCT CLOCK ANGLE CF VARGET, DEG
SIP SUN-PROBE-NEAR LIMB OF TARGET ANGLE, DEG
CPY CANCPUS-PROBE-TARGET ANGLE, DEG
SIN CANCPUS-PROBE-NEAR LIMB OF TARGET ANGLE, DEG
LINE L
REP EARTH PROBE CISTANCE, KM
VEP VELCCITY CF THE PROBE WITH RESPECT TO EARTH, KN/SEC
CPE CANCPUS~PROBE-EARTH ANGLE, ODEG
CPS CANCPUS-PRDBE-SUN ANGLE, DEG
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(TARGET)CENTRIC

(TARGET)CENTRIC {COORDINATE PLANE)

LINE A
X TARGET-CENTEREQ VERMAL EQUINOX POSITION, KM
Y

z
CX TARGET-CENTERED VERNAL EQUINOX VELOCITY, KM/SEC
cy
cz
LINE 8
R RADIUS FRCM TARGET CENVER, KM
DEC DECLINATICN - DR CELESTIAL LATITUDE, DEG
RA RIGFT ASCENSION ~ DR CELESTIAL LONGITUDE, DEG
V SPEED RELATIVE TC THE TARGET, KM/SEC
PTH TARGET-HUCY PATH ANGLE, LEG
Al TARGET-BOCLY AZIMUTH ANGLE, DEG
LINE C (PRINJEDC CNLY IF TARGET=MOCN)
RADIUS FRCM TARGEY CENTER, KM
LAT TARGET~CENTERED LATITUDE, UEG
LCN TARGET-CENTERED LONGITUCE, DEG
VP SPEED RELATIVE TO THE ROTATING TARGET, KM/SEC
PYP RCTAVING TARGEVT-BCDY PATH ANGLE, DEG
AZp RCTATING TARGEY-BODY AZIMUTH ANGLE, DEG
LINE D (PRINTED CNLY [F TARGET=MCCN)
LTS SELENCGRAPHIC LATITUDE CF THE SUN, CEG
LNS SELENCGRAPHIC LONGITUDE OF THE SUN, DEG
LTE SELENOGRAPHIC LATITUDE OF THE EARTH, DEG
LNE SELENCGRAPHIC LONGITUCE CF THE EARTH, CEG
LINE E
ALT ALYITUDE ABCVE THE TARGET BODYS SURFACE, KM
SHA SUNS SHADCW PARAMETER, KM
SHA = -ABSU(RTP X 1RTS}eSGN(RTP LOT RTS}
ALP TLLUMINATED CRESCENT ORIENTATION VIEWING ANGLE, DEG
ALP = ARCCS(A DOT V) WHERE -53 = IRTP W = 11S3 XS4) vV = WXS3
S$4 = IRTS U = 10,0,1) A = 1{uxs3)

=

CR RADIAL RATE, KM/SEC
CP TRANSVERSE ANGULAR VELOCITY, DEG/SEC
ASD ANGULAR SEMICIAMETER OF TARGET AS SEEN FROM S/C, DEG
LINKE F
HGE RIGHT ASCENSION OF EARTH IN SPACECRAFT COORDINATE SYSTEM, DEG
SVL ODECLINATICN CF TARGET IN SPACECRAFT COORDINATE SYSTEM, DEG
HNG RIGHT ASCENSICN OF TARGET IN SPACECRAFT CODRDINATE SYSTEM, DEG
SIA EARTH-PRUBE-NEAR LIMB OF TARGET ANGLE, DEG
LINE G (PRINTED IF RACIATICN PRESSURE OPTION IS USED)
SAC SCLAR RARJATION PRESSURE ACCELERATION MAGNITUDE

THE FCLLOWING ACCIFIONAL LINES ARE PRINTED

I1F PARS [S THE TARGET. ALL VARIABLES ARE

REFERENCED TD A FARS EQUATORIAL INERTIAL CCURDINATE
SYSTEM CR TO A MARS FIXED COORDINATE SYSTEM

LINE H
LINE I

AREOCENTRIC ECUATORIAL CCCROINATES

MARS EQUATORIALy MARS-PRCBE POSITIUN, KM

MARS EQUATORIAL, MARS-PRCEE VELOCITY, KM/SEC

LINE J
R RADIUS FRCM MARS CENTER, KM
OEC CECLINATICN, DEG
RA RIGHT ASCENSIUN, DEG
¥V SPEED RELATIVE TQ MARS, KM/SEC
PTH PATF ANGLE, LEG
AZ ALINUTH ANGLE, DEG
LINE X
R RADIUS FRCM MPARS CENTER, KM
LAT MARS-CENTEREC LATITUDE, DEG
LCN MARS-FIXEC LCNGITUDE, DEG
VP SPEED RELATIVE TO RCTATING MARS, KM/SEC
PTP PATH ANGLE RELATIVE TO ROTATING MARS, DEG
AIP ALIMUTH ANGLE RELATIVE TC ROTATING MARS, DEG
LINE

~

RAE RIGHT ASCENSION OF THE EARTH, DEG
DEE DECLINATICN CF THE EARTH, DEG

RAS RIGHFT ASCENSICN OF THE SUN, DEG
DES DECLINATICN CF THE SUN, CEG

LOE LCNGITUCE OF THE EARTH, OEG

LGS LCNGTITUOE GF THE SUN,y OEG
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GROUP A

GEQ CR KELIC CR TARGEY CONIC

(BCOY) CONIC

EPOCH OF PERICENTER PASSAGE (LP SEC PAST 1950) (JD) (CALENDAR DATE)
LINE A

LINE B

LINE C

LINE ©

GROUPS

LINE A

LINE B

LINE C

LINE ©

LINE E

LINE F

LINE G

LINE H

LINE

LINE J

SMA SEMIMAJCR AXTS KM

ECC ECCENTRICITY,UNITLESS

B MAGNITUCE GF B VECTOR,KM
SLR SEMILATLS KECTUM,KN

APQ AFOCENTER CISTANCE KM

RCA CLOSEST APPROACFH CISTANCE KM

VA HYPERBOLIC EXCESS SPEEC,VELOCITY AT APOGEE FOR ELLIPSE,KM/SEC

€3 TwICE TCTAL ENERGY PER UNIT MASS OR VIS VIVA INTEGRAL KM#2/SECe2

€l ANGULAR MCMENTUM,KMe2/SEC

TFP TIME FRCM PERICENTER PASSAGE,SEC

TF  TIME FRGM INJ TQO PERICENTER PASSAGE IN HRS FOR EARTH-MCON TRAJ,
IN CAYS OVTHERWISE

PER PERIOC, MIN EXCEPT CAYS IF HELIC, PRINTED ONLY IF C3 IS -
LTF LINFARIZEC TIME-CF-FLIGKT IN HRS FOR EARTH-MOON TRAJ, IN DAYS
OTHERWISE PRINTED ONLY IF C3 IS + IN PLACE OF PER

TRUE ANCMALY,CEG
MTA MAXIMUM TRUE ANCMALY,DEG
EA  ECCENTRIC ANOMALY,DEG
MA  MEAN ANCMALY,DEG
C3J JACCBI CONSTANT, KM#2/SEC#2, PRINTED IN GEDO AND SELENC CONICS ONLY
TFIL TIME FRCM INJECTION IN HRS FOR EARTH-MOCN TRAJ, IN DAYS OTHERWISE
(PRINTED CNLY IF C3 [5 + ANC IF CONIC IS TARGET CONIC)
ZAE ANGLE BETWEEN IN. ASYMPTOTE AT TARG AND TARG-EARTH VECTOR,DEG
IAP ANGLE BETWEEN IN. ASYMPTOTE AT TARG AND TARG-SUN VECTOR,DEG
ZAC ANGLE BFTWEEN IN. ASYMPTOTE AT TARG AND TARG-CANOPUS VECTOR,DEG
DEF ANGLE BETWEEN INCGMING AND OUTGOING ASYMPTOVES,DEG
IR IMPACT RACIUSyKM
GP ANGLE BETWEEN IN. ASYMPTOTE AND ITS PRQJ. UN ORB. PLANE OF TARG,DEG

84CC

ALL VECTCRS REFERENCED TC { ) PLANE
X BCCY-PRCBE POSITICN VECTOR IN COORD. SYSTEM GIVEN ABOVE,KM

DX BCOY-PRCBE VELQCITY VECTOR IN COORO. SYSTEM GIVEN ABOVE, KM/SEC

INC INCLINATICN OF PRCEBE ORBIT PLANE TO PLANE GIVEN ABOVE,DEG
LAN LCNGITUCE GR RIGHT ASCENSION OF ASCENDING NODE,DEG

APF ARGUMENT CF PERICENTER,CEG

MX  UNIT ¥ VECTOR M= W X 1RO

WX UNKIT W VECTCR

PX UMIT P VECTOR

QX UNIT C VECTOR

RX UNIT R VECTOR

ar

TX UNIT T VECTOR T=RXS

(PRINTEG CNLY IF C3 IS +)
SXI UNIT INCOMING ASYMPTOTE VECTOR
SYI
szl
DAY DECLINATICA OR LATITUDE OF INCOMING ASYMPTOTE.DEG
RAT RIGHT ASCENSION OR LONGITUDE OF INCOMING ASYMPTOTE,DEG

(PRINTED CNLY IF C3
SX0 URIT CUTGUINT
SYOD
$20
DAG DECLINATICAN OR LATIVUCE OF OUTGOING ASYMPTOTE .DEG
RAC RIGHT ASCENSION OR LONGITUDE OF OUTGCING ASYMPTOTE,OEG

{PRINTEC CNLY IF €3 1S + AND IF CONIC IS TARGET CONIC)

ETE ANGLE BETWEEN T AND PROJ. OF EARTH~-TARG VECTOR ON R~T PLANE,DEG

ETS ANGLE BETMWEEN T AND PROJ. DOF SUN-TARG VECTOR ON R-T PLANE,DEG

ETC ANGLE BETWEEN T AND PROJ. OF CANOPUS~TARG VECTOR CN R-T PLANE,DEG
(PRINTEC CNLY IF C3 (S ~)

CECLINATECA OF ASYMPTOTE,DEG

RAP RT. ASCENSION OF ASYMPTOTE,DEG

>
<

BTX T COMPONENY OF B4XKM WHERE X=Q FOR EARTH EQU., X=C FOR ECLIPTIC

BRX B COMPONENT OF 8,KM X=0 FOR TARG ORBIT, X=T FOR TARG EQU
MAGNITUCE CF BoKM

THA DIRECTICN ANGLE OF IMPACT PARAMETER IN R~T PLANE MEASURED + FROM T

T VECTOR IN ) PLANE
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OUTPUT CESIGNATING BEGINNING OF TRAJECTORY BURN

LINE A
(TIME PAST INJECTION) (EQUINQX) (DP SEC PAST 1950) (JD) (CALENDAR DATE)
LINE B
START BURN
GUTPUT CESIGNATING ENC OF TRAJECTORY BURN
LINE A
{TIME PAST INJECTION) (ECUINOX) (DP SEC PAST 1950) {J0) {CALENDAR DATE)
LINE 8
END BURN
OUTPUT CESIGNATING BEGINNING OF GAS JET COMPUTATICN
LINE &
(TIME PAST INJECTION} (EQUINOX) (DP SEC PAST 1950) (JD) (CALENDAR DATE)
LINE B

€
START GAS JETS
OUTPUY CESIGNATING ENC GF GAS JET COMPUTATION

LINE A
(VIME PAST INJECTION) (EQUINDX) (DP SEC PAST 1950) (JD) (CALENDAR DATE)
LINE B

END GAS JETS

SHADOW PARAMETERS

® WHEN PROBE ENTEWS, LEAVES,IS IN, CR OUT OF A BODYS SHADOW
CNE OF THE FOLLOWING SET OF TwO LINES WILL BE OUTPUT

(TIME PAST INJECTION) (EQUINOX) (DP SEC PAST 1950) (JD) (CALENDAR DATE)
PROBE IS ENTERING {BCDY) SHADOW

{TIME PAST INJECTION) (EQUINDX) {DP SEC PAST 1950) (JD) (CALENDAR DATE)
PROBE IS LEAVING (BCDY) SHACOM

{TIME PAST INJECTION} {EQUINDX} (DP SEC PAST 1950) (JD) (CALENDAR DATE)

PRDBE 15 IN (BODY) SHADOW

(TIME PAST INJECTION) (EQUINOX) (DP SEC PAST 1950) {JD) {(CALENDAR DATE)
PROBE IS CUT OF (BOCY) SHADOMW
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C. JOB-SHOP OUTPUT CAPABILITY

1. In the job-shop mode of operation, printed output is put on tape SYSOUI,
Or, by proper use of input parameter FLLAG42, the output is put on low density
tape SYSPL1. The latter tape can be processed by the S-C 4020 High-Speed
Microfilm Recorder. Subroutine PROUT is utilized to produce the line images
for SYSOUI1 or SYSPLI1,

2. Output also appears on the 7094 on-line printer, The progress of the
trajectory and the occurrence of errors are noted. Subroutine ERPRT is
utilized to produce the on-line print, Additional on-line print capability is
available by proper use of the 7094 console sense switches or by input, A min-
imum on-line print (defined as on-line printing of injection conditions, phase
changes and encounter conditions) is obtained by depressing sense switch 6.

A detailed or fine on-line print (defined as the duplication, on-line, of all
output on SYSOUI or SYSPLI1) is obtained by depressing sense switches 4 and 6.
The sense switches, hence the on-line print request, may be changed at will
during the computation of the trajectory. If desired, input parameter OPTSWT

may be used to preset the on-line print request in the source deck.

3. The spacecraft ephemerides may be put on disk file or on high density
binary tape SYSUT5. Input parameter SCFORF controls which option is to be

used.

[o N
Y
@]
(2}

4. Debugging output (SNAP) may be use . 4, Section VIII), SPACE's

FILE control card must have the following format:

Column
1 8 16
$ FILE 147

57



JPL TECHNICAL MEMORANDUM NO. 33-198

D, SFOF OUTPUT CAPABILITY

The SFOF output capability is similar to the job-shop output capability.
The normal output is put on SYSOUL. The on-line output control and printing
are done at remote user area 5, instead of at the 7094 console and printer, The
progress of the trajectory and the occurrence of errors are printed on the
remote administrative printer. The minimum or fine print of the trajectory
is printed on the remote SC-3070 printer. This minimum or fine on-line
SC-3070 print is controlled by the remote console option switches 33 and 35
(corresponding to sense switches 4 and 6). If desired, input parameter
OPTSWT may be used to preset the on-line print request in the source deck.

The spacecraft ephemerides are treated the same as in the job-shop

mode but the debugging output capability (SNAP) does not exist.
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VI. SUBROUTINES

SPACE is made up of 45 closed subroutines, some of which have more than
one entry and perform more than one function. Many subroutines have not
changed in function from Ref. 1 (Section VIII) but the documentation was repeated
in this Technical Memorandum (TM 33-198) for completeness. All subroutines

were documented according to the following specifications:

IDENTIFICATION
Entry name(s)
Programmer(s)
Coding language
Date

PURPOSE

Defines the task performed by this subroutine.

RESTRICTIONS
Cites the error conditions, external buffers used, COMMON used, sub-

routines used, etc., (COMMON names and subroutine names are capitalized).

METHOD
Gives a detailed description of how the subroutine accomplishes its task.

Includes a flow chart when applicable.

USE
Defines all calling sequences, including the definition and use of input and

output parameters.

CODING INFORMATION
Gives the decimal and octal sizes of the subroutine excluding COMMON

storage or external buffer storage.

REFERENCES
Gives Requests for Programming (RFP) number, Inter-Office Memoranda

(IOM's) and technical references if applicable.
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IDENTIFICATION 1-1 of 2

ABORT/ERPRT/JEXIT/PRSET/..... ./TIME
Nicholas S. Newhall, JPL

IBM 7094 Fap

December 2, 1964

PURPOSE

To handle communication between SPACE and the various systems, I/O devices, switches,

flags and subroutines.

RESTRICTIONS

a. Entries RUNID, PRTSWX, FLAG42, COMTRJ, COMTRK and COMFLG are provided
for those input parameters.

b. The on-line printer is sensed to obtain the date and time-of-day if the parameter
EXPORT is zero.

c. The print flags are in COMMON locations SP1A, ---, SP3C, EJCTA, EJCTB, EJCTC,
37HED, PRFLG and PRTSWT.

d. Subroutines TYPWRT and PROUT are used for on-line printing.

METHOD

a. PRSET examines the input flags, the 7094 sense-switches, the SFOF mode cell
SFMODE,and user area option switches in order to set the appropriate COMMON
print flags for PROUT.

b. ERPRT prints the on-line messages. The 7094 on-line printer or the remote user
area administrative printer will print the message, depending on the contents of
parameter SFMODE.

c. TIME provides the user with the BCD time-of-day in the AC and the computer code
letter A, B or C left adjusted in the MQ and followed by blanks.

d. JEXIT prints "END TRAJECTORY (SPACE)", closes the output files used by PROUT
and returns control to JPTRAJ with a zero in the accumulator, designating a normal
return.

e. ABORT prints "END TRAJECTORY (SPACE)", closes the output files used by PROUT
and returns control to JPTRAJ with a one in the accumulator, designating the error
return.

f. ......is the location of the Program Control Block (PCB) and contains the information

JPTRAJ needs to set up for and transfer control to SPACE.
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® -

Calling sequences:

a. CALL PRSET
return
b. TSX BERPRT,
PZE A,,B
return
where
A,---, A+(B-1)
B
N =0
=3
c. CALL TIME
return
d. CALL JEXIT

4, N

contain BCD text
is the number of words of text, B < 12
means message not printed off-line
means message printed off-line after a double space

means message printed off-line after a page eject.

(transfers control to JPTRAJ)

e. CALL

ABORT

(transfers control to JPTRAJ)

. CODING INFORMATION

Length of subroutine is 757(10) or 1365(8) words.
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IDENTIFICATION 2

ACCEL

Peter S. Fisher, JPL
IBM 7094 Fap
December 2, 1964

PURPOSE
To obtain the acceleration of the probe referenced to a true-of-date Earth equatorial,

Earth centered, space fixed coordinate system.

RESTRICTIONS
a. The subrgutines BODY, BODY1, PROD, and MATRIX are used.
b. The entries GRAV, CBM, CG, and RADSO are referenced.

METHOD

The following accelerations are taken into account:

a. Earth oblateness
b. Mars oblateness
c. Lunar oblateness
d. Gas jets

e. Motor burn

f. Radiation pressure

g. N-bodies
h. Central body
The sum of these accelerations is multiplied by the (NA) matrix to rotate it from a mean

1950.0 coordinate system to a true-of-date coordinate system. This system is inertial

and centered at the Earth.

USE

Calling sequence:
CALL ACCEL
PZE A
return

where A is the location of the (output) acceleration vector.

CODING INFORMATION

Length of subroutine is 98(10) or 142(8) words.
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‘ IDENTIFICATION

ADD

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To perform double precision addition of two double precision floating point numbers.

RESTRICTIONS

a. If the numbers involved are sufficiently large so as to cause overflow, erroneous
results will be obtained.
b. Uses COMMON to COMMON + 3,

METHOD

The contents of the AC-MQ registers and/or the contents of specified cells in core
storage (see USE) are added using the DFAD machine instruction. The high order
part of the result is placed in the AC and the low order part in the MQ.

o -

Calling sequences:
a. CALL ADD
return
Enter with one of the double precision numbers in the AC-MQ and the other
number in COMMON and COMMON + 1. Exit with the result in the AC-MQ.

b. CALL ADD or CALL ADD,YI,0
TSX YL, 0
TSX 0,0
return

Enter with one of the double precision numbers in the AC-MQ and the other
number in YI and YI + 1. Exit with the result in the AC-MQ.

c. CALL ADD or CALL ADD,YI, ZI
TSX YL, 0
TSX 21,0
return

Enter with one of the double precision numbers in YI and YI + 1 and the other
number in ZI and ZI + 1. Exit with the result in the AC-MQ.

CODING INFORMATION
‘ Length of the subroutine is 25(10) or 31(8) words.
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IDENTIFICATION

ARCOS/ARSIN
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute arcsine x or arccosine x for a floating point, single precision x,

in degrees.

RESTRICTIONS

If lxl > 1.0 the result will be £90.0 for the arcsine, taking the same sign as the

argument, and will be 180.0 for the arccosine for a negative argument and 0.0 for

the arccosine for a positive argument.

METHOD
Sin-1 X = 1T/2 -V1l-x F(x), Cos-l x = V1-x F(x)
7 .
where F(x) = .ZE) Cixl, and
1=

= 1.570796327 = 0.0308918810

CO C4

C1 = -0.2145988016 C5 = -0.0170881256
C2 = 0.0889789874 C6 = 0.0066700901
C3 = -0.0501743046 C7 = -0.0012624911

Accuracy: 7 significant decimal digits.

USE

‘Enter with the argument in the accumulator. Exit with the result in the accumulator in

degrees.

Calling sequences:

for arccosine: for arcsine:
CLA X CLA X
CALL  ARCOS CALL ARSIN
return return

CODING INFORMATION

Length of subroutine is 96(10) or 140(8) words.
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' IDENTIFICATION

ARTAN

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute arctangent (y/x) in degrees for floating point, single precision x and vy.

RESTRICTIONS

Uses COMMON to COMMON + 4.

METHOD

The following Rand approximating polynomial is used:

7 D-1 2i+1
Arctan (y/x) = Arctan D = w/4 + i_EO CZi+1 (—)

D+1
i where:
‘ C1 = 0.9999993329 C9 = 0.0964200441
C3 = -0.3332985605 C11 = -0.0559098861
C5 = 0.1994653599 C13 = 0.0218612288
C, = -0.1390853351 C = -0.0040540580

7 15
Accuracy: 7 significant figures.

USE

Enter with v in the accumulator and x in the MQ. Exi

accumulator in degrees normalized to lie in the range 0 to 360.

Calling sequence:

CLA Y

LDQ X
CALL ARTAN
return

CODING INFORMATION

Length of subroutine is 57(10) or 71(8) words.
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IDENTIFICATION

BCDNO/NEWBCD
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To replace a BCD word (the name of a celestial body) in the accumulator with a fixed
point number scaled 35. This number will be used as a reference number in locating

data pertinent to that body.

RESTRICTIONS

a. An error is possible if the BCD word is not recognized (see USE), in which case
a comment to this effect is printed and control is given to ABORT.

b. ERPRT, PROUT and ABORT may be called.
NEWBCD is provided so that SATURN may be replaced by some other body name.

METHOD

The accumulator is compared with each of seven BCD words until equality occurs.
Each comparison is counted and, at equality, this count, in fixed point scaled 35,

replaces the accumulator.

USE

Calling sequence:
CAL L(BCD word)
CALL BCDNO
return
If (BCD word) = EARTH return with accumulator =
MOON =
SUN =
VENUS =
MARS =
SATURN =
JUPITE =

|
W NN = O

CODING INFORMATION

Length of subroutine is 36(10) or 44(8) words.
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‘ IDENTIFICATION 7-1o0f 2

BODY/BODY1
JPL Staff

IBM 7094 Fap
December 2, 1964

‘ PURPOSE

To compute the negative of the n-body perturbation term.

RESTRICTIONS

a. Subroutine SQRT is used in forming the magnitude cubed of the position vectors. If a
negative square root is attempted, the subroutines ERPRT and PROUT are called to
print the error message:

NEGATIVE SQUARE ROOT IN BODY
and then subroutine ABORT is called.

b. COMMON through COMMON +13 are used.

METHOD
‘ The negative of the n-body perturbation, -P, is given by:
n e —
P Rip LRy
SR GA
j=1 jp ]
where
Hj is the gravitational coefficient (GM) of body j
RJP is the (j-body)-probe position vector and ij is its magnitude
ij is the central body-(j-body) position vector and Rj is its magnitude.
Since thc central body-probe position vector and the ceniral body-(j -body) position vector

are given as input, a vector subtraction is made to get the (j-body)-probe position vectors.

In addition, a zero ”j causes no computation to be made for body j.

USE

Calling sequences:

a. Setup entry:
‘ CALL BODY
PZE A,, B
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PZE C,,D 7-2 of 2

PZE E,,F

PZE G

return

where

A, A+l, A+2 contain the input central body-probe position vector.

B is the maximum number of non-central bodies.

C,-++, C+3(B-1) +2 contain the input central body-(j-body) position vectors.

D,:++, D+(B-1) contain the input gravitational coefficients My

E,---, E+(B-1) contain the magnitudes of the output central body-(j-body)
position vectors for all j-bodies whose u. is non-zero.

F,..., F+(B-1) contain the magnitudes of the output (j-body)-probe position
vectors for all j-bodies whose By is non-zero.

G, G+1, G+2 contain the output perturbation vector -P.-

and where the order for the position vectors, magnitudes and }.Lj is:

Earth
Moon

Sun

Venus

Mars
Saturn

Jupiter

b. Execution entry:
CALL  BODY1

return

CODING INFORMATION

Length of subroutine is 109 (10) or 155 (8) words.
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IDENTIFICATION o

BOODSK/BOOFIN
Peter S. Fisher, JPL
IBM 7094 Fap
December 2, 1964

PURPOSE

To provide the ODP with a spacecraft ephemeris on disk. The data includes epoch, probe
position, velocity, and acceleration with respect to the Earth, the variational equations
and the nutations in obliquity and longitude at each end-of-step in a format compatible with

both FORTRAN COMMON and the disk read routine DISCBU.

RESTRICTIONS

a. ROT, ACCEL, ERPRT, PROUT, and ABORT are called,
b. The nutation in obliquity and longitude are assumed to be stored in the locations

NUTOBL and NUTLON, respectively. The total probe acceleration is assumed to be
stored in location ACCEL.

METHOD

The true-of-date position and velocity are obtained via differencing and the use of the (NA)
matrix, The acceleration is obtained from ACCEL. The variational equations and epoch

are obtained from the HBANK in COMMON.,

USE

Calling sequences:
CALL BOODSK CALIL RBOOFIN

return return
BOOFIN is used to dump the last record,
BOODSK must be called every end-of-step.

CODING INFORMATION

Length of subroutine is 546(10) or 1042(8) words.
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IDENTIFICATION

CHANGE

Peter S. Fisher, JPL
IBM 7094 Fap
December 2, 1964

PURPOSE

To call PRINTD with special group and conic print flags.

RESTRICTIONS

The subroutines SPRAY and PRINTD are called, and GROP and ORBETT are

referenced indirectly.

METHOD

The current group and conic print flags are saved and the desired replacements are
substituted. SPRAY is called to prepare the GROPS flags for PRINTD and then
PRINTD is called. Then the group and conic flags are reset and SPRAY is again
called to restore the GROPS flags.

USE

Calling sequence:

CALL CHANGE

OCT A
OCT B
return

where A is one word of twelve octal digits (designating the desired group options) and

B is one word of twelve octal digits (designating the desired conic options).

CODING INFORMATION

Length of subroutine is 28(10) or 34(8) words.
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IDENTIFICATION 10.1-1 of 4

CLASS

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To calculate conic orbital elements,

RESTRICTIONS

a. CLASS is a subset of a rectangular-to-orbital elements package and uses other

subroutines in the package.

b. COMMON through COMMON+3 are used.

c. An error can occur if the input value of Cy is zero.

d. Subroutines SQRT, ARCOS and SIN are called.

e. Location HARMN is referenced indirectly to obtain the Earth's oblateness constants.
METHOD

The following sketch illustrates the relationship between the orbital elements and the

A —_— = =
reference ﬁ, 6, W and X, Y, Z frames:

Hence, i = cos-IWz, where 0 é ié 180 deg for the inclination

W

X

sin Q

sin i
-w
cos § = —2,
sin i

where 0 £ © < 360 deg for the right ascension of the ascending node
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P 10.1-2 of 4
sin w = .Z.

sin 1

Q

z
COS W = ——

sin 1

where 0 = w < 360 deg for the argument of the pericenter.

N
The formulas for 2 may be derived by constructing the unit vector N at the ascending node:

o _Ux W
X
N = N N
15 x Wl
A A A ~
where U = (0, 0, 1) and sini =1 U x Wl N is then projected onto the X and Y axes to

give the formulas for the cosine and the sine.

A N N
Next, the auxiliary unit vector M = W x N is constructed so that w is given by:
A A~ ~ A A ~ ~ A AN
sinw= P -M=P.(WxN)=-N:-(WxP)=-N.qQ
N A
cosw = P+ N

The conic parameters are given by the standard formulas for = £ 0:

q =5 g P the closest approach distance
Vp = H—(I—C-I-L) the velocity at closest approach
Va I'L(lc; <) velocity at farthest departure(c3 < 0)
Vi = \/c_:,’ hyperbolic excess velocity (c3 > 0)
q, = a(l + ¢) farthest departure distance (c3 < 0)
p = 2arm the period

For an Earth satellite, the quantities w and £ are also computed:

2
nJa
a-)(z 5 . 2.

= = --Zsin i
P
. —nJa2
Q = 35— Cos i
P
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where

10.1-3 of 4

J  is the coefficient of the second harmonic in the Earth's oblateness expression

is the Earth radius, km

is the mean motion, rad/sec

o 8 @

is the semilatus rectum, km

so that & and may be converted to deg/day for output.

USE

Calling sequence:
CALL CLASS
PZE A,,B
PZE C
NOP
error return

normal return

where

A,+++, A+t8 contain the input vectors P, Q, W,
B,:---, B+7 contain the input parameters Cys C3s My €, 1
respectively, as computed by JEKYL.

C,"*",C+9 contain the output parameters:

i, inclination, radians

2, right ascension of the ascending node, radians
w, argument of pericenter, radians
q, closest approach distance, km

V_, velocity at closest approach, km/sec

Va’ (or Vh
velocity), km/sec

N

A

A

- €,

a, p and n,

q,; (or zero if 3 > 0), farthest departure distance, km

P period, sec
w derivative of w, deg/day
Q@  derivative of @, deg/day

The error exit will be taken if the input Cqy is zero.

CODING INFORMATION

if s > 0), velocity at farthest departure (or hyperbolic excess

Length of subroutine (includes CLASS as a subset) is 1226 (10) or 2312 (8) words.

73



JPL TECHNICAL MEMORANDUM NO. 33-198

REFERENCE 10.1-4 of 4 ’

Holdridge, D. B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report No, 32-223, Revision No. 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962,
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‘ IDENTIFICATION 10.2-1 of 4

JEKYL

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

AA A
To compute the P, Q and W vectors, the epoch of closest approach, and ¢ and 3 from

cartesian position and velocity vectors.

RESTRICTIONS

a. COMMON through COMMON+14 are used.
b. An error can occur if the logarithm or square root of a negative number is attempted.

Subroutines SQRT, UNIT, CROSS and LN are called.

el

a

JEKYL is a subset of a rectangular-to-orbital-elements package and uses several
other subroutines in the package.
e. COMMON locations ECCEN, IMINE, AVAL, PVAL, NORB, NU, JECAN and MENAN

are used.

‘ METHOD

Given the cartesian position and velocity vectors R and V compute:

2+,2 12
p = RV *1 (RR) the semilatus rectum
where
RR=R-V
2,2 *\2
c1 = 4/R“V" - (RR) the angular momentum
1 _ 2 - RVZ
a Ry
C3 = - % the ""energy' or vis viva integral

At this point a test is made with the help of the I. D. input to determine whether or not a is

an acceptable parameter. a* is defined by
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1010 km for the planets 10.2-2 of 4 .

km for the Sun

10 km for the Moon

1 - eZ =P
a
_ 2 .
€ = 4/l - (1~ ¢€¢7) the eccentricity
cos V = P;R.'.
€eR
sin V = %, ’E— true anomaly
q = I_%T closest approach distance
A S —
W = RCX v unit angular momentum vector
1
N R
U * xR
A - R} —
V, =27V -2XR
1 1
A — —
P = cos VUl - sin VVl

A — —
Q = sin le + cos VVl

If 3 # 0, T - Tp is computed from Kepler's equation according to the sign of a:

If a > O:

cos E =%(cos v +oe)

sin E = g—ﬂl - EZ sin v
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M= E - e€sin E

if1 - e>0.1orifl - ¢ <0.1and |sin E| > 0.1

.3 .5
_ _ . sin"E | 3 sin"E
M= (1 e)smE-l—( 5 + 0 )

if1 - ¢ £0.1andcos E>0, [sin E[< 0.1

M = n(T - T )
where

o - \[;a-s/z
if a < 0:

RR
e\/p|a|

M = ¢ sinhF - F

sinhF =

ife - 1>0.1o0rife - 1 £0.1 and |sinhF| > 0.1

. .5 . .3
. 3 sinh™F sinh™F
M = (¢ - 1) sinhF - < 5 - 3 )

ife - 1<0.1 and |sinhF| < 0.1

M = n(T -Tp)

where

n - \/:|a|-3/z

If c3 =0, the formula for the parabola is used:

_ 1 .3
M = \/:(T-Tp) =aD + z D
where

D = RR/Vp = Vzqtanv/2

USE

Calling sequence:

CALL JEKYL
PZE 0, ,A
PZE B,,C
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PZE D 10.2-4 of 4 ’

PZE E,,F
PZE G

error return

normal return

where
A contains the p (gravitational coefficient) of the body from which the
input position and velocity vectors are measured.
A+l contains an integer I.D. used in the parabola test: 0 = planets
1 = Moon
2 = Sun
B, B+1, B+2 contain the input cartesian position vector, R.
C, C+l, C+2 contain the input cartesian velocity vector, V.
D, --., D48 contain the output unit vectors 1/3, 6, W
E contains the input epoch T.
F contains the output epoch of closest approach, Tp.
G, G+1, G+2 contain the output AT = T - Tp’ the angular momentum, Cys and the

energy or vis viva integral, c3-

In addition, the following quantities are computed and stored in the COMMON locations

given:
Location Symbol Description
ECCEN € eccentricity
IMINE 1-e 1 minus eccentricity
AVAL a semimajor axis
PVAL P semilatus rectum
NORB n mean motion
NU v true anomaly
JECAN E(or F) eccentric anomaly
MENAN M mean anomaly

The error exit is taken if a negative square root is attempted or if the logarithm of a

negative number is attempted.

CODING INFORMATION

Length of subroutine (includes JEKYL as a subset) is 714(10) or 2312(8) words.

REFERENCE

Holdridge, D.B., Space Trajectories Program for the IBM 7090 Computer, Technical
Report No. 32-223, Revision 1, Jet Propulsion Laboratory, Pasadena, California, .
September 1, 1962.

78




JPL TECHNICAL MEMORANDUM NO. 33-198

\
|
} ‘ IDENTIFICATION

SPECL
JPL Staff

| IBM 7094 Fap
December 2, 1964

PURPOSE

10.3-1 of 2

fay AP aY Pay
To compute the reference unit vectors R, S, T and B and the impact parameters

B- T, B:-R.
RESTRICTIONS
a COMMON through COMMON+3 are used.
b. Subroutines SQRT, ARCOS and SIN are called.
c. COMMON location PVAL and ECCEN are used.
d. SPECL is a subset of a rectangular-to-orbital-elements package and uses several
other subroutines in the package.
e. External locations SAVA, INJTYP and RMAX are referenced indirectly.

An error will occur if a negative square root is attempted.

‘ METHOD

The computation of the S and B vectors depends on the value of the eccentricity, e:

a.

€ > 1, the hyperbolic case with a < 0:

2
Ja](e e- l)?> + |a] V:z - IQ
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b. € <1, the elliptic case witha >0 10.3-2 of 2

S=P
for both the incoming and

outgoing asymptote options

E:aVIGZ-IQ

The remaining two reference vectors T and R are given in either the hyperbolic or elliptic

case by
S -S
T = p— X .0
\/sz+sz ‘/sz+sz
x Yy X Yy
R=SxT
USE

Calling sequence:

CALL SPECL
PZE A, ,B
PZE C
error return

normal return

Enter with the semimajor axis, a, in the AC and the eccentricity, ¢, in the MQ.

Where

A, -+, A+8 contain the input vectors 1/3, 6, V/\\f

B contains zero for reference to an incoming asymptote and 1 for
reference to an outgoing asymptote. A A A A

C, -+, C+l4 contain the output B - T, B - R and vectors S, B, T and R, respectively.

The error return is taken if a negative square root is attempted.

CODING INFORMATION

Length of subroutine (includes SPECL as a subset) is 714(10) or 2312(8) words.

REFERENCE

Holdridge, D. B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report No. 32-223, Revision 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962.
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IDENTIFICATION

CLUCK

Peter S, Fisher, JPL

IBM 7094 Fap

December 2, 1964

PURPOSE

To compute the Canopus clock angle, Moon clock angle, and target clock angle.

RESTRICTIONS

The subroutines UNIT, CROSS, PROD, and ARTAN are called.

METHOD

Clock & & Tan_l <_K'-C>

where:

B-C

K - -Esp X —R—ip

|Rsp x Rip|
B -2 sp
IK X Rspl
T - (NxRsp) x Rep
Esp 28 True of-date Sun-probe position vector
ﬁip & True of-date observation point-probe position vector
& True of-date probe-Canopus position vector for the Canopus clock angle
N {8 True of-date Moon-probe position vector for the Moon clock angle
8 True of-date target-probe position vector for the target clock angle
USE
Calliwmy camiiancs
VGLLL&AS A LA
Call CLUCK
PZE A, ,B
return

11

where A is the location of the input ﬁip vector and where B is the location where the three
output clock angles will be stored.

CODING INFORMATION

Length of subroutine is 72(10) or 110(8) words
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IDENTIFICATION

COS /SIN/QCOS/QSIN
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute sin x or cos x for a floating point, single precision x (x in radians or

degrees).

RESTRICTIONS

a. Loops for large argument or small unnormalized argument.

b. Uses COMMOM to COMMON +2,

METHOD

The argument is reduced to a first quadrant equivalent and then a thirteenth order
polynomial approximation, employing fixed point arithmetic, is used.

The cosine is computed by first adding 7/2 to the argument.

USE

Enter with the argument in the accumulator.
Exit with the result in the accumulator.

Calling sequences:

for COS X for SIN X
X in radians X in degrees X in radians X in degrees
CLA X CLA X CLA X CLA X
CALL QCOS CALL COS CALL  QSIN CALL SIN
return return return return

CODING INFORMATION

Length of subroutine is 159(10) or 237(8) words.
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IDENTIFICATION 13-10f 2

CROSS/PROD/UNIT
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute: (1) the cross product of two vectors; or (2) the dot product of two vectors, or

the magnitude and magnitude squared of one vector; or (3) a unit vector.

RESTRICTIONS

a. All vectors must be stored BES 3.
b. In the calling sequences to the CROSS and UNIT option the location given for the output

vector may be the same as the location given for an input vector.

METHOD

The vector operations of vector product and scalar product and the multiplication of a
vector by a scalar (1/|v| to obtain a unit vector) are performed in a manner indicated by

their definitions.

USE

Calling sequences:

a. To compute the vector product of two vectors C = A x B:
CALL CROSS
PZE A,,B
PZE C
return
b. To compute the scalar product of two vectors A - B:
CALL PROD
MZE A LB
return
Exit with the result in the accumulator.
c. To compute the magnitude and magnitude squared of a vector A:
CALL PROD
PZE A
return

Exit with the magnitude in the AC and the magnitude squared in the MQ,
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d. To obtain a unit vector B = K/'K'; 13-2 of 2
CALL UNIT
PZE A, B

return

CODING INFORMATION

Length of subroutine is 66(10) or 102(8) words.
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IDENTIFICATION 14

DAYS

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To convert the double precision floating point seconds located in the AC and MQ to single

precision integer days and residual seconds.

RESTRICTIONS

a. A double precision number is assumed to be two floating point words.
b. Subroutines FIX, FLOAT, and ADD are called.
¢. Uses COMMON to COMMON 45,

METHOD

The double precision seconds are divided by 86,400 and the integral part of the result in

single precision replaces the MQ. The residual seconds replace the AC,

USE

Enter with the seconds in the AC and MQ in double precision floating point. Exit with the

residual seconds in floating point in the AC and the integral days in floating point in the
MQ,
Calling sequence:

CLA L(SECONDS A)

LDQ L(SECONDS B)

CALL DAYS

return

CODING INFORMATION

Length of subroutine is 25(10) or 31(8) words.
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IDENTIFICATION 15

DUMMY/EOS/CANCLK/DATCEL/RGGSAV/RGGSTR/EXPORT
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To allow certain parameters to be defined at program load time, and to provide storage

and definition of miscellaneous quantities.

METHOD

EOS, RGGSAV and RGGSTR are defined. CANCLK is a three-word buffer for clock
angles. DUMMY is provided for name only. DATCEL contains the BCD date of loading of
the program in a format as follows: YYMMDD. EXPORT is a flag which controls the
sensing of the 7094 on-line printer to read the JPL printer board and clock. If EXPORT
is non-zero, no sensing of the on-line printer is made by the program. This is to allow
non-JPL installations to use the program even if their printer board or clock hardware is

different.

USE

This subroutine is always left symbolic and is the first physical subroutine in the deck.
This allows for the word DATCEL and other parameters to be updated at load time, if

necessary.

CODING INFORMATION

Length of subroutine is 9(10) or 11(8) words.
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‘ IDENTIFICATION

EARTH/SPACE
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To rotate from space-fixed cartesian coordinates to Earth-fixed sphericals, and

vice versa.

RESTRICTIONS

a. Subroutines COS, SIN, RVIN, RVOUT and MATRIX are called.

b. COMMON through COMMON+11 are used.

16-1 of 3

c. The COMMON locations GHA(T)and LOMEGA are assumed to contain the Greenwich

hour angle in degrees and the Earth's rotation rate in radians/sec, respectively.

METHOD

At the epoch T a ''space-fixed' cartesian coordinate system is defined, centered at the
‘ Earth with the X - Y plane the equator, the X axis the direction of the vernal equinox,

and the Z axis the spin axis of the Earth. The '""Earth-fixed" frame is obtained from the

space-fixed by rotating about the Z axis by an angle *(T), the Greenwich hour angle of

the vernal equinox, to bring the x axis in coincidence with the Greenwich meridian as

shown in the following sketch:

Z,z

l/.y

X
r{T)
X
The coordinates are then related by
x cosT(T)
y -sin?(T)
z = 2,
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and 16-2 of 3

¥ cosT(T) sin (T)\/X _sin?(T) cos?(T)\ /X
= + w

.

y -sin?(T) cos (T)/\Y -cos?(T) -sin?(T)/\Y
z = 7,

where w is the rotation rate of the Earth.

The inverse transformation is

X cosT(T) -sin?(T) \ /x
Y sinT(T) cosT(T)/ \y
Z =z
and
X cosT(T) -sin?(T)\ /x -sin(T) -cosT(T)\ /x
. = + w
Y sinT(T) cosT?(T) \y cosT(T) -sin?(T)/ \y

SPACE performs the rotation from space-fixed cartesian to Earth-fixed cartesian and

then calls subroutine RVOUT to obtain the Earth-fixed spherical set.

EARTH calls subroutine RVIN to make the transformation from Earth-fixed spherical to
Earth-fixed cartesian and then performs the rotation f{rom Earth-fixed cartesian to space-

fixed cartesian.

USE

Calling sequences:
a. To rotate from space-fixed cartesian coordinates to Earth-fixed sphericals:
CALL SPACE
PZE A,,B
PZE C,,D
where A, A+l, A+2 contain the input space-fixed cartesian position.
B, B+l, B+2 contain the input space-fixed cartesian velocity.
C, -+, C+5 contain the output Earth-fixed spherical set r, ¢, 8, v, vy, 7. ‘

D, ..., D+5 contain the output Earth-fixed cartesian set x, y, 2z, X, ¥, z.
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16-3 of 3
b. To rotate from Earth-fixed sphericals to space-fixed cartesian coordinates:

CALL EARTH

PZE A
PZE B,,C
where A, .-, A+5 contain the input Earth-fixed spherical set r, ¢, 0, v, y, o.

B, B+l, B+2 contain the output space-fixed cartesian position coordinates X, Y,Z.
C, C+1, C+2 contain the output space-fixed cartesian velocity coordinates 5(, Y", Z.

et

and where bath entries assume that COMMON location GHA(T) and LOMEGA contain the
Greenwich hour angle in degrees and the Earth's rotation rate in radians/sec,

respectively.

CODING INFORMATION

Length of subroutine is 112(10) or 160(8) words.

REFERENCE

Holdridge, D. B., Space Trajectories Program for the IBM 7090 Computer,
Technical Report No. 32-223, Revision No. 1, Jet Propulsion Laboratory,

Pasadena, California, September 1, 1962,
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IDENTIFICATION 17-1 of 2 ‘

ECLIP

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To rotate Earth equatorial coordinates to ecliptic and vice versa.

RESTRICTIONS

a. Subroutines SIN, COS and MATRIX are called.
b. COMMON+10 through COMMON+12 are used.
c. The cell ET in COMMON is assumed to contain the mean or true obliquity of the

ecliptic.

METHOD

The ecliptic plane is characterized by its inclination to the Earth's equator, e, the
obliquity of the ecliptic, and its ascending node on the Earth's equator, the vernal equinox,

as shown in the following sketch:

Ze

where X, Y, Z is the Earth equatorial frame and X , Ye, Z€ is the ecliptic. The coordinates
€

are related by
| X 1 0 0 X

Y =| 0 cose sine Y

Ze 0 - sine cose Z '

where ¢ can be the mean or true obliquity.
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USE 17-2 of 2
Calling sequence:
CALL ECLIP
PFX X,, Y

return

where

X-3,X-2,X-1 contain the input vector,

Y-3,Y-2,Y-1 contain the output vector.

PFX = PZE assumes equatorial input and rotates to ecliptic,
PFX = MZE assumes ecliptic input and rotates to equatorial.

X = Y is permitted.
And where the COMMON location ET contains the input true of-date obliquity or the mean
1950, 0 obliquity.

CODING INFORMATION

Length of subroutine is 45(10) or 55(8) words.

REFERENCE

Holdridge, D.B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report No. 32-223, Revision No. 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962,
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IDENTIFICATION 18

EFFECT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To replace each of the output flags GROPS to GROPS +11 with a 0, 2, or 4 for the

suppression, ecliptic, or equatorial output option, respectively.

RESTRICTIONS

a. It is assumed that subroutine SPRAY has previously been called so that GROPS to
GROPS +11 contain the group output flags.

b. PHASE, GROPS and CODE, in COMMON, are used and GROP1 is referenced indi-
rectly.

METHOD

The value of PHASE is found to be 0, 1 or >1 according as the start-of-phase, normal, or
end-of -phase print condition has been met at the print epoch. At the same time each flag

will be a one digit octal integer. FEach of the resulting 24 possible combinations is con-

sidered and each branch replaces the flag with 0, 2, or 4 scaled 35.
The following table summarizes the combinations and results:

Initial value Resulting value

of octal flag of octal flag

0 for all values of PHASE

4 for all values of PHASE

2 for all values of PHASE

0 for all values of PHASE

2 for PHASE = 0, 0 otherwise
4 for PHASE = 0, 0 otherwise
2 for PHASE > 1, 0 otherwise
4 for PHASE > 1, 0 otherwise

N o W N e O

USE

Calling sequence:
CALL EFFECT

return

CODING INFORMATION
Length of subroutine is 40(10) or 50(8) words.
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1 ‘ IDENTIFICATION 19-1 of 6

EPHEM

1 JPL Staff
IBM 7094 Fap
December 2, 1964

PURPOSE

The ephemeris interpolation routine EPHEM is designed to read a JPL Ephemeris Tape
and to interpolate for the position and/or velocity of any subset of the planets and Moon at

any Julian date within the time interval spanned by the tape.

The ephemeris data carried on tape are in heliocentric coordinates for the planets and
geocentric coordinates for the Moon. EPHEM, however, may be used to obtain coordi-
nates referenced to any of the bodies as center, In particular, data are furnished for the
Earth-Moon barycenter rather than for the Earth, and EPHEM performs the necessary

calculations for obtaining geocentric coordinates of the planets and Sun.

The data on the ephemeris tape and the results of the interpolation are expressed in the

coordinate system of the mean Earth equator and equinox of 1950, 0,

‘ RESTRICTIONS

a, Subroutines READB, BSREC, REWIND are called.

b. A buffer of 1862 cells must be provided by the user for storage of the raw ephemeris
from the tape. Buffers of 36, 13, and 150 cells are also required by EPHEM, as
described in USE,

c. EPHEM makes extensive use of 7094 double precision instructions, hence all tables
must start in even core locations,

d. The ephemeris tape must be in the format described in Appendix A of Ref, 1.

METHOD
Everett's formula

2 t(tz

Amxn t — Amx]

-1

x(T,) = uxy + tx; + u(u
i 0 1

. a(u? - Yul-4)

2 2
3 + t(t™ - D(t" - 4)A4

4
AnX1 51 m>1

is used for interpolation, where
Tj = the desired Julian date, T < Tj <T+h

h = step size of data

3
it

point in time at which data are tabulated

93 |



JPL TECHNICAL MEMORANDUM NO. 33-198

t:(Tj_T)/h,ogtgl 19-2 of 6
u=1 =t

Xy = x(T)

X = x(T + h)

AII; = nth modified difference

It is assumed that the Julian date specified by the user as the epoch for which data are
requested is in Universal Time, Since the ephemerides are tabulated in Ephemeris Time,

the specified epoch is modified by
ET =UT + At
to convert to Ephemeris Time,

Planetary coordinates for centers other than the Sun are obtained by the vector subtraction

P=P -T
0
where
P = planetary coordinates referred to the desired center
50 = planetary coordinates referred to the Sun
C = heliocentric coordinates of the desired center

A similar vector subtraction is performed for velocity vectors.

Calculation of the heliocentric coordinates of the Earth and/or Moon or the geocentric or
selenocentric coordinates of the Sun and planets requires additional manipulations.

Heliocentric lunar and Earth coordinates are obtained as

M:B+pmr
E =B

- p,eI_,
where
M = heliocentric coordinates of the Moon
E = heliocentric coordinates of the Earth
B = heliocentric coordinates of the Earth-Moon barycenter
L = geocentric coordinates of the Moon
By = 'E
m FE + M
FM
|_L =
e Mg + HM
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the GM of the Earth 19-3 of 6

)

1

Y the GM of the Moon

Both ME and Hyp are obtained from TABIl, as described in the next section.

USE

The subroutine EPHEM may be used by either the FORTRAN II or the FAP programs,
The calling sequence for a FORTRAN Il program is
CALL EPHEM (JD, CENT, TAB1l, TAB2, TAB3, TAB4, NTAPE)
and for the FAP program is
CALL EPHEM, JD, CENT, TABl, TAB2, TAB3, TAB4, NTAPE
The arguments in the calling sequence are interpreted as follows:
JD = double-precision floating point Julian date Tj’ assumed to be in Universal
Time, at which data are required.
CENT = control-word floating point integer identifying the desired center of the
coordinate system according to the scheme given in Table 1.
TABI1 = 36-word table of physical constants with the structure given in Table 2,
TAB2 = 13 floating point integers that control the data output for each body according
to the scheme given in Table 3. The control-word sequence is given in
Table 4.
TAB3 = 1862-word buffer used by EPHEM to store a record of ephemeris data as it
is read from the ephemeris tape.
TAB4 = 150-word block of storage containing the output information listed in Table 5,
The control-word integer in TAB4 is interpreted as shown in Table 6.
NTAPE = location of word containing a fixed-point number designating the logical tape
unit on which the JPL Ephemeris Tape is mounted,
The nutations and nutation rates are always in units of radians and radians/day. The units

+ contrenl wravd

of the planetary and lunar daia are determined he ocutput control word
found in location TAB1 +34, If this single precision word is zero the output will be in
kilometers and kilometers/sec; if this word is 1.0 the planetary data will be in AU and

AU/day and the lunar data will be in "Earth-radii® and "Earth-radii"/day.

The output is always cartesian, referenced to the mean Earth equator and equinox of

1950, 0.

CODING INFORMATION

a. When the routine is part of a new core load it will automatically rewind the ephemeris
tape the first time called to allow it to retrieve the data in the identification records.
This data defines the time span of data on the tape. The criterion for this rewind is
comparison of the current tape unit designation with that of the previous call. Only if

they are the same will a rewind not be issued. To prevent rewinds when chain type jobs
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19-4 of 6 ‘

are run, the entry TAPEX is provided. The six quantities starting at TAPEX may be

"wanted" (see Ref, 2) from link to link in any compatible fashion to prevent rewinding.
To deliberately cause a rewind, the entry EPTAPE is provided. If a zero is stored in
this cell, the ephemeris tape will rewind the next time EPHEM is called.

b. Length of subroutine is 813(10) ur 1455(8) words.

Table 1. Central body identification

Body iig;reorl Body Sﬁ‘;tg?rl
Mercury 1.0 Neptune 8.0
Venus 2.0 Pluto 9.0
Earth 3.0 Sun 10.0
Mars 4.0 Moon 11.0
Jupiter 5.0 Earth-Moon
Saturn 6.0 barycenter 12.0
Uranus 7.0

Table 2. TABI structure
Wrzzgrfin Physical constant and unit fzvr(;;it
TABI1 k = universal gravitational constant, Double-precision
AUB/Z/day floating point
TAB1+2 GM of Mercury, krnB/sec2
+4 GM of Venus, km3/scc2
+6 GM of Earth, km3/scc2
+8 GM of Mars, kn’ls/b‘(‘(‘,z
+10 GM of Jupiter, k1n3/sccZ
+12 GM of Saturn, khnj/scc‘Z
+14 GM of Uranus. km3/sucz
+16 GM of Neptunec, kmj/soca
+18 GM of Pluto, krns/su‘z
+20 GM of Sun, kmB/Mwa
+22 GM of Moon, lil‘ﬂj/svt‘g
+24 Astronomical unit, ki
+26 Earth radius for lunar cphemeris
conversion, km
+28 Speed of light, km/scc v
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Table 2 (Cont'd) 19-5 0f 6
Word in Physical constant and unit Word
record format
TABI1 +30 Solar-flux constant, lb--force/rn2 Double-precision
floating point
+32 Seconds per mean solar day Double-precision
floating point
+34 Output-unit control word Single-precision
floating point
+35 At = ET - UT, sec Single-precision
floating point
Table 3. TABZ2 output control interpretation
Control word Meaning
No data, this body
Position data only, this body
Velocity data only, this body
3.0 Both position and velocity data, this body
Table 4, TABZ2 structure
Word Body Word Body
position controlled position controlled
TAB2 Mercury TABZ+7 Nepiune
TAB2+1 Venus +8 Pluto
+2 Earth +9 Sun
+3 Mars +10 Moon
+4 Jupiter +11 Earth-Moon
+5 Saturn barycenter
+6 Uranus +12 Nutations

97




JPL TECHNICAL MEMORANDUM NO. 33-198

Table 5. TAB4 structure 19-6 of 6
Word position Contents
TAB4 Floating point control-word integer indicating type
of error, if any
TAB4+1 Zero cell for double-precision compatibility
+2 Mercury position and velocity in double-precision

floating point

+14 11 more sub-blocks of position and velocity data
for each of the other bodies in double-precision
floating point, each sub-block consisting of 12
words, in the same order as given in TAB2
+146 Nutation in longitude and nutation in latitude in

single-precision floating point

+148 Nutation rates in single-precision floating point

Table 6. TAB4 error code interpretation

Control word Meaning

0.0 Successful return

Specified date Tj smaller than starting date of
data available

T. greater than final date of data available

Reading error (redundancy)

A TABZ2 control word is negative or greater
than 3

5.0 CENTER control word is in error

REFERENCES

1. Peabody, P. R., Scott, J. F., Orozco, E, G., User's Description of JPL Ephemeris

Tapes, Technical Report No. 32-580, Jet Propulsion Laboratory, Pasadena, California,
March 2, 1964,

2. Newhall, N. S., User's Guide for JPTRAJ (JPL Trajectory Monitor), Engineering
Document No. 199, Jet Propulsion Laboratory, Pasadena, California, January 4, 1964.
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IDENTIFICATION 20-1 of 2

EPHSET/E. T. /INTRI1
Alan D. Rosenberg, JPL
IBM 7094 Fap

December 2, 1964

PURPOSE

a. EPHSET performs initialization of the calling sequence to the subroutine EPHEM.
INTRI obtains positions and velocities of the Moon, Sun,and planets at a given epoch
from the double precision JPL Ephemeris Tape and arranges this information in a
manner compatible with the program SPACE. Results are referenced to the mean

Earth equator and equinox of 1950.0.

c. E.T. converts a given universal time epoch to the corresponding ephemeris time
epoch.
RESTRICTIONS

a. FIX, DAYS, EPHEM, GRUPPE, PROUT, ERPRT, ABORT and UNLOAD are called.

b. NEWBCD, TARAD, CENTR5, CENTES5, TAPEX and EPTAPE are external cells
which are referenced.

c. Subroutine INTRI has the following error conditions:
1. Unknown central body reference for EPHEM: (CENTER).

Unknown control word for EPHEM: (CONTRL).

Redundancy reading ephemeris tape: (REDUN).

Input epoch earlier than data on ephemeris tape: (EARLY).

[S B N VYR o)

Input epoch later than data on ephemeris tape: (LATE).

The word in parenthesis above is printed in the error message: PLANETARY
EPHEMERIS ERROR = (error word) on a device appropriate to the mode of SFOF opera-

tion and always on the off-line output.

Conditions 1. and 2. cause CALL ABORT in SFOF mode 4 and non-SFOF mode of opera-
tion, and TSX ENDSYS, 4 in SFOF mode 2. Conditions 3., 4., and 5. allow one re-try in
mode 4 and non-SFOF mode by pressing START, then CALL ABORT in case of a second
failure. In SFOF mode 2, TSX ENDSYS, 4 occurs and a comment TURN ON----- AFTER
OPERATOR ACTION is printed, where the name of the program currently operating is

inserted above.

d. The ephemeris tape is assumed to be mounted on SYSUT8, which corresponds to
FORTRAN logical tape 12 and physical unit B6.

e. The COMMON cells T, KB0O, XN, XN., CENTER, TARG, PRFLG, 37HED, SPIA,
SP2A, SP3A, EJCTA, SP1B, SP2B, SP3B, EJCTB, SPIC, SP2C, EJCTC are

referenced.
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20-2 of 2 .
f. The system low-core cells (PAUSE, ENDSYS, SFMODE and JPTRAJ) are referenced.
g. The buffer NEWBOD through NEWBOD +3 and entry BODTAB are provided to allow
substitution of any of the normally unused planets, i.e. Mercury, Neptune, Uranus
and Pluto, in place of Saturn.
h. The buffers EGM, SCALEIl, DUT and GRAV contain physical constants which may be
modified by input. Entry NUTLOB has beenprovided so the computed nutations are

accessible.

METHOD

a. INTRI takes the double precision seconds past 0h January 1, 1950 U. T. which it
assumes to be in T and T+1, converts it to double precision Julian date and calls
EPHEM; upon return, the double precision positions and velocities of the bodies are
rounded off and stored in the XN and XN. buffers in COMMON. The nutation in longi-

tude and obliquity and their rates in radians and radians/day are placed in NUTOBL
through NUTOBL +3.

b. E.T. adds T, the double precision seconds past Oh January 1, 1950 U. T. to AT, the

difference between Universal and Ephemeris time, and returns with the results in
the AC-MQ.

USE

a. CALL EPHSET
return
b. CALL INTRI

return

Assumption is that T and T+1 contain the double precision seconds past 0h January 1, 1950
U.T., and CENTER contains a fixed point integer scaled 35, of value 0 through 6, cor-
responding to the names EARTH, MOON, SUN, VENUS, MARS, SATURN, JUPITER,

respectively.

c. CALL E.T.

‘' return

Assumption is as above for cells T and T+l. Results are double precision seconds past
0P January 1, 1950 E. T. in the AC-MQ.
CODING INFORMATION

Length of subroutine is 2311 (10) or 4407 (8) words.

REFERENCE

Cary, C.; Inter-Office Memorandum 312, 3-176, Physical Constants and Other Param-
eters to be used in MA-C Computations-Updated Version, October 30, 1964.
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IDENTIFICATION 21

FIX/FLOAT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE
To convert a single precision floating point number to a fixed point integer scaled 35 or

vice versa.

RESTRICTIONS

2
Conversion will be made mod 2 7-

METHOD

The unnormalized add and floating point add instructions are used with masks.

USE

Enter with the number to be converted in the accumulator. Exit with the result in the
accumulator.

Calling sequences:

To float a fixed point integer: To fix a floating point number:
CLA L(INTEGER) CLA L(NUMBER)
CALL FLOAT CALL FIX
return return

TANTRT N wnw

o~~~ —~
CUULING IINP O

Length of subroutine is 9(10) or 11(8) words.
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IDENTIFICATION 22-1o0f 2

FIXT/FLOT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute the number of seconds that have elapsed since oh January 1, 1950, given a

Greenwich Mean Time (GMT) between the years 1950 and 2000 or vice versa.

RESTRICTIONS

a. The locations YEAR to YEAR +6, in COMMON, are used in the FIXT option.

b. A double precikion number is considered to be two floating point words.

METHOD

The double precision floating point number is decoded into the various lengths of time and

vice versa, taking into account leap years and leap centuries.

USE

a. GMT to seconds: on entrance the AC must contain YYMMODDHH and the MQ must
contain NNSSFFF, where

YY =last two digits of the year

MM = month of the year, January being 1
0 = zero

DD = days

HH = hours

NN = minutes
SS = seconds
FFF = milliseconds
Exit with the double precision floating point seconds past Oh, January 1, 1950, in the
ACand MQ. I YY = MM =0, then (AC - MQ) is converted to an interval in double

precision seconds.

Calling sequence:
CLA L(YYMMODDHH)
LDQ L(NNSSFFF)
CALL FLOT

return
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22-2 of 2

b. Seconds to GMT: on entrance the AC and MQ must contain the double precision floating

point seconds past oh, January 1, 1950, Exit with the GMT in location YEAR to YEAR

+6, where
YEAR =
+1 =

12 =

+3 =

+4 =

15 =

+6 =

YEAR through YEAR +5 are fixed point integers scaled 35.

YY = last two digits of year
MM = month, January being 1
DD = days

HH = hours

NN = minutes

SS = seconds

FFF = milliseconds

fixed point scaled 0.

Calling sequence:

CLA
LDQ
CALL

return

L(SECONDS A)
L(SECONDS B)
FIXT

CODING INFORMATION

Length of subroutine is 175(10) or 257(8) words.
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IDENTIFICATION 23-1o0f2

GASJET/GASSET/GASOPT/GASFLG/GASTIM
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To handle the attitude control option.

RESTRICTIONS

a. Subroutines BCDNO, UNIT, CROSS, ADD, MATRIX and FLOTT are called.

b. Locations CAN50, GASTMI1, GASTM2, GASTR1, GASTR2 and FLGWRD are referenced
indirectly.

c. T, T (0), QX and XN in COMMON are used.

METHOD

If the input flag GASOPT is non-zero then the attitude control effects are considered as a
perturbation onthe spacecraft, between a given start time Tg + AT anda given end time Tg.
Tg may be an epochearlier thanthe injection epochor maybe zero. If zero, the injection

epoch is put into TS. If TE is zero then the attitude control option is never turned off.

The GASFLG is set non-zero during the Tg+ AT to Ty interval of time and is the flag
used by the subroutine TRAJ as an indication of when to include the attitude control effects
as a perturbation, Communication is also made between this subroutine and TRAJ in the

handling of the triggers associated with the two times Tg + AT and Tg.

To compute the perturbation on the spacecraft define:

a. E = unitvector directed from the probe to a body specified by input into GASOPT + 1
b. H = unit vector directed from the probe to the Sun
.
IE x HI
e.C = -H
LR 222
IB X CI

g. t = T-(Tg+ AT), where the times used in the computation are:

Tg = (input) epoch of start of computation
AT = (input) time in seconds to add to Tgto get a final time of start of computation.
Tg = (input) epoch to end computation

T = (input) trajectory epoch
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Next define the force to be: 23-2 of 2
he Fp = Fpg + Fp t+ Fyotf
i, Fg = Fpy + Fpt + Fpt°
jo Fo = Fg + Fot + FCZtZ

where FA’ FB, and FC are in units of dynes.

If m is the (input) mass of the spacecraft in kg then the (output) perturbative accelera-

tions ¥, ¥, ¥ due to attitude control forces are given in units of km/secz by:

X Ax Bx Cx FA
k 107 A B cCc |[F

Y IPTm | Ty Ty Ty B

Z Az Bz Cz FC

USE

Calling sequences:
a. initialization entry:
CALL  GASSET
return
b. execution entry:
CALL GASJET
PZE P
return
where the output acceleration is stored into P, P + 1, P + 2 and where the following

input parameters have been previously input into GASOPT through GASOPT +16:

GASOPT flag; 0 = no attitude control effects
GASOPT +1 reference body; planet, Moon, or Canopus
+2, 3 epoch of start of attitude control effects
+4 delta T in sec, added to GASOPT +2, 3
+5, 6 epoch of end of attitude control effects
+7, 8, 9 coefficients of F 5 polynominal; Faz, Fajl, Fag

+10, 11, 12 coefficients of Fg polynominal; Frp, FRp), FBo

+1 14, 15 coefficients of F~ polynominal; Fra, Fey, Fen
[ORry / : st ~at v

3,
+16 mass of spacecraft, kg

CODING INFORMATION

Length of subroutine is 238(10) or 356(8).

REFERENCES

JPL Section 312 RFP 179 (with a correction to the definition of A to give a right-handed

coordinate system).
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IDENTIFICATION 24-1 of 2

GEDLAT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute ¢', the geodetic latitude of the probe, and p', the distance from the geocenter

to the point on the surface of the Earth lying on the Earth-probe line.

RESTRICTIONS

a. Subroutines SIN and SQRT are called.
b. COMMOM through COMMON+9 are used.

METHOD

a. cp' is given by:

$' =¢ + b sin2¢ + b, sin 4¢ + b, sin 60

where ¢ is the input geocentric latitude of the probe,

b1 = 0.19456624 deg
b2 = 0.00033036 deg
b, = 0.00000075 deg.

b. p' is given by:

p' =aVyl - €2 sin2 ¢

where ¢ is the input geocentric latitude of the probe,

2

¢ 0.006768657997, eccentricity squared,

p:
1l

6378. 2064, equatorial radius, kilometers.

USE
Calling sequence:

CALL GEDLAT
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24-2 of 2
Enter with the geocentric latitude of the probe, ¢, in the accumulator in degrees.

Exit with the geodetic latitude of the probe, ¢', in the AC in degrees and the radius, p', in
the MQ in kilometers.

CODING INFORM ATION |

Length of subroutine is 46(10) or 56(8) words.

REFERENCE

Holdridge, D. B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report 32-223, Revision 1, Jet Propulsion Laboratory, Pasadena, California, September
1, 1962.
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IDENTIFICATION 25

GETTER
JPL Staff
IBM 7094 Fap

PURPOSE

To compute, in floating point, the angle, in degrees, between two vectors, where each

vector is the difference of two other vectors.

RESTRICTIONS

a. All vectors must be stored| BES 3.
b. Subroutines ARCOS and PROD are called.

c. The formula used to compute the angle does not hold, in general, for unit vectors

since
N A
A - B A - B
|l= -8l [A-8
- A
for all A, B where signifies a unit vector.
METHOD

The desired angle is computed using the following formulas:
(& - B)-(C -8B
= - BTt - Bl

Note: For B =0, either A or C may be unit vectors and give a correct result.

ANGLE = ARCOS [

USE

Calling sequence:
CALL GETTER
PZE A,,C
PZE B,,D
return

The angle between the vectors A - B and C - B is computed in degrees and stored in D.

CODING INFORMATION

Length of subroutine is 37(10) or 45(8) words.
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‘ IDENTIFICATION 26-1 of 2

GHA

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute the Earth's rotation rate and the Greenwich hour angle of the vernal equinox.

RESTRICTIONS

a. COMMON locations T, T+l, NUTRA, LOMEGA, OMEGA and GHA(T) contain input

and output quantities.
b. COMMON through COMMON+6 are used.
c. Subroutines DAYS, FIX and FLOAT are called.

METHOD

The mean value of the Greenwich hour angle is computed as follows:

‘Yi'n(T) = 100207554260 + 0°9856473460 d + (2°9015) 10-13d2 + ot (mod 360 deg)
< <
' O_Tm(T) 360 deg

where
T is the epoch under consideration in U. T.
d is integer days past 0 hr January 1, 1950
t is seconds past 0 hr of epoch T

w is the Earth's rotation rate and is given by:

R Y eVt T R ]

w = T3 deg/sec.
1 + (5.21) 10 d

Given the nutation in right ascension, 6a, the true value of the hour angle is:

T(T) = T_(T) + ta

USE
Calling sequence:

CALL GHA
return
where
T, T+l contain the input double precision seconds past 0 hr January 1, 1950 U. T.

. NUTRA contains 6a, the input nutation in right ascension in degrees.
OMEGA contains the output Earth's rotation rate in deg/sec.
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26-2 of 2

LOMEGA contains the output Earth's rotation rate in rad/sec.

GHA(T) contains the output true Greenwich hour angle in degrees.

CODING INFORMATION

Length of subroutine is 68(10) or 104(8) words.
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IDENTIFICATION 27

GRUPPE

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To maintain a count of the number of lines of output made on a page and to use this count

to control page ejects.

RESTRICTIONS

Subroutine SEITE is called to give the page eject and page heading.

METHOD

If the print suppress flag indicates no printing, the subroutine exits. N, the number of
lines of output that are going to be printed in the following group, is added to the current
line count C. If N + C > 63 subroutine SEITE is called to get a page eject and page
heading. If N + C £ 63, N + C becomes the new line count C.

USE

Calling sequence:

CALL GRUPPE

PZE N
where N is the number of lines of output that will be requested before the next CALL
GRUPPE,

CODING INFORMATION

Length of subroutine is 14(10) or 16(8) words.
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IDENTIFICATION 28~1 of 4

HARMN/HARMNZ2/MRBLAT
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To compute the oblate potential of the Earth and Mars.

RESTRICTIONS

a. Location PMAT is referenced indirectly to obtain the space-fixed Earth equatorial to
space-fixed Mars equatorial rotation matrix.

b. Entry HARMN2 is provided so the beginning of the constant buffer is accessible.

c. The mean Earth equator and equinox of 1950. 0 to true-of-date rotation matrix is
assumed to be in COMMON location (NA) through (NA)+8.

d. COMMON through COMMON+14 are used.

METHOD

The oblate potential of the Earth and Mars are assumed to contain the second, third, and

fourth spherical harmonics:

- Ja}zs 2 H""133 2 Da% 2 4
UB "R ——2—(1 - 3 sin"¢) + 3(3— 5 sin“¢)sind + 4(3—30 sin“¢ + 35 sin ¢)
3R 5R 35R

where kg is the gravitational coefficient of the body {(Earth or Mars) and ap is the

equatorial radius of the body.

R = (X, Y, Z) is the position vector from the body's center of mass expressed in the mean
equator and equinox of 1950.0. To obtain ¢, the latitude, the =z-component of the position
vector expressed in the true equator and equinox of date coordinate system must be
supplied. Thus, sin ¢ = z/R.

To obtain the perturbing acceleration, VUB is formed:

- =(8UB aU BUB)
B 8u1 8112 ?us

112




JPL TECHNICAL MEMORANDUM NO. 33.198

where u; = X, u, = Y, and uz = Z. 28-2 of 4
ou J a2 2\u
B __ "BB?B |, 52 4 22,
Jdu RZ RZ RZ R R 73j

R™ R R R
D_u a4 4\u 2

_ _B"B™B (_?1_ Z_492z )y 12_42_ z .
RZ R4 7 RZ R4 R 7 RZ R 73j

where j =1, 2, 3.

The third row of the (NA) matrix is used for the a
PMAT matrix is used for Mars.-

3 for the Earth and the third row of the

The second, third and fourth harmonic terms are computed only if the body-probe

distance, RB is less than some constant value. The following table gives the nominal

values of the constants used in the Earth and Mars calculations:

Location Quantity Description Nominal Value
HARMN+2 J@ Earth coefficient for 0.162345E-2
second harmonic
+3 He Earth coefficient for third -0.575E-5
harmonic
+4 D@ Earth coefficient for 0, 7875E-5
fourth harmonic
+5 ag Earth radius 6378.165 km
6 > ‘
+ R2 R@ ;;RZ suppresses Earth 5E5
second harmonic
+7 R, Rg > Ry suppresses Earth 2E5
third harmonic
+8 R, Rg > R, suppresses Earth 1E5
fourth harmonic
19 Jg Mars coefficient for 0.292E-2
second harmonic
+10 Hg Mars coefficient for third 0

harmonic
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28-3 of 4 ‘

Location Quantity Description Nominal Value
HARMN+11 Dy Mars coefficient for fourth 0
harmonic
+12 ag Mars radius 3417.0 km
+13 R2 Ry > R2 suppresses Mars 5E5
second harmonic
+14 R3 Rgs > R3 suppresses Mars 0

third harmonic

+15 R4 Ry > R4 suppresses Mars 0

fourth harmonic
The gravitational coefficient Mg OT Mg is obtained via the calling sequence.

USE
Calling sequences:

a. CALL HARMN
PZE A, ,B
PZE C,,D
PZE E

for the Earth

b. CALL MRBLAT
PZE A,,B
PZE C,,D
PZE E

for Mars

where, for both the Earth and Mars calling sequences:

A, A+l, A+2 contain the input body-probe position vector in the mean Earth equator
and equinox of 1950. 0 coordinate system.

B, B+l, B+2 contain the (output) negative of the perturbing acceleration, - VUp

C contains the input body gravitational coefficient, Ky
D contains the input distance above the true equator of the body.
E contains the input magnitude of the vector in A, A+l, A+2.

and where the (NA) and PMAT matrices have been updated to the current epoch and are

available.
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‘ CODING INFORMATION 28-4 of 4

Length of subroutine is 183(10) or 267(8) words.

REFERENCE

Holdridge, D. B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report 32-223, Revision No. 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962.
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IDENTIFICATION 29.1

INTRAN

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To transform the trajectory initial conditions to the mean Earth equator and equinox of
1950.0 coordinate system, to initialize certain subroutines and to print the trajectory

" heading.

RESTRICTIONS

a. INTRAN is a subset of a rotation package and uses other subroutines in the package.
Subroutines DAYS, E.T., ROTEQ, MNA, MNA1l, MNAMDI1, GHA, RVIN, EARTH,
ECLIP, INTR1, UNIT, COS, SIN, SQRT, CROSS, ARCOS and ARSIN are used in the
transformations.

c. Entry CAN50 is provided so the unit mean 1950.0 position vector of Canopus is
accessible. Entry CENTR5 is provided so the NEWBOD option can locate the BCD
for Saturn. Entries PHL, RMAX, INJBCD, INJTYP, INJX, INJY, INJZ, INJDX,
INJDY, INJDZ and INJEQX are provided for these input parameters.

d. HARMN, GRAV, LUNGRV, SCALEl, RADOPT, BRNOPT, GASOPT and EQUNXI1 are
referenced indirectly to locate the parameters that are to be printed.

e. PROUT, TIMEZ, GRUPPE and ERPRT are used to control printing.

BODY, SVARY and EPHSET, initialization entries to the three subroutines BODY 1,
VARY and INTR1, are called.

METHOD

SPACE allows the injection conditions to be referenced to one of several coordinate sys-
tems. The injection conditions input form (see IVE1l) shows them under EXPLANATION of
parameter INJTYP. Flow Chart IIC2 shows what subroutines are used to rotate the

given set to the 1950.0 frame. Details of the rotation can therefore be found in those

rotation subroutine writeups.

USE

Calling sequence:
CALL INTRAN

return

CODING INFORMATION
Length of subroutine (includes INTRAN as a subset) is 1003(10) or 1753 (8) words.
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‘ IDENTIFICATION 29.2

NUTATE

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To update the precession A and nutation N matrices and apply the product matrix NA to

the Earth-probe vector.

RESTRICTIONS

a. NUTATE is a subset of a rotation package and uses other parameters in the package.

b. MNAET is tested to determine if the .1 day delta-time option is to be used in com-
puting the N matrix. A zero MNAET forces recomputation of N.

c. Locations XEP, CC, (NA), AA and TARG (epoch in days past 0 hr January 1 1950},
in COMMON, are referenced.

d. Subroutines ROTEQ, MNA and MATRIX are called.

e. COMMON through COMMON+2 are used.

‘ f. NUTMAT, the location of the nutation matrix, is referenced indirectly.

METHOD

Subroutine ROTEQ is called to update the A matrix. The N matrix is updated if

MNAET = 0 or if MNAET is non-zero and time has increased by .1 day since the last
computation. N is updated by calling subroutine MNA. Then subroutine MATRIX is called
to form the product NA. The CC+3 vector is then multiplied by NA to give the Earth-

probe position vector in the space fixed Earth true equator and equinox of date coordinate
system (XEP).

USE
Calling sequence:

CALL NUTATE

return

CODING INFORMATION

Length of subroutine (includes NUTATE as a subset) is 1003(10) or 1753(8) words.
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IDENTIFICATION 29.3

RESET

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To set the obliquity of the ecliptic to the 1950.0 value and to set the NA matrix to unity.

RESTRICTIONS

a. RESET is a subset of a rotation package and uses other parameters in the package.
b. COMMON locations ET and (NA) are used.

METHOD

The mean obliquity of 1950.0 is put into ET and the (NA) matrix is set to unity so any use

of these quantities will cause the results to be in the mean 1950.0 coordinate system.

USE

Calling sequence:

CALL RESET

return

CODING INFORMATION

Length of subroutine (includes RESET as a subset) is 1003(10) or 1753(8) words.

118




JPL TECHNICAL MEMORANDUM NO. 33-198

‘ IDENTIFICATION 29.4

ROT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To update the planetary ephemerides, the Greenwich hour angle and the (n-body)-probe

vector and to rotate several sets of vectors to the output coordinate system.

RESTRICTIONS
a ROT is a subset of a rotation package and uses other subroutines in the package.
b. Subroutines INTR1, GHA, UNIT, MATRIX, RESET and NUTATE are called.
c. Location EQUNXI is referenced indirectly.
d. CX, CX., QX, QX., XN, XN., Cs2, (NA), XEP, XEP., X, X., 52, CANOP, XN,
XN.1, X0P, X0P. and VAFLG, in COMMON, are used.
METHOD

o
b.

USE

The planetary ephemerides are updated by calling subroutine INTR1.

Subroutine NUTATE is called (which calls MNA to update the nutation in rt. ascension
and the M and N matrices) and then GHA is called to compute the current value of the
true Greenwich hour angle.

The true of-date Earth-probe position and velocity vector are computed and stored

in XEP and XEP. .

RESET is called if the output equinox is 1950.0.

The X, X., S1, S2, CANOP, and the variational coefficients are rotated to the
desired output reference system, determined by the contents of location EQUNX1,
The Earth-{n-body) position and velocity vectors are formed.

The N and A matrices are recomputed, if RESET was called earlier.

Calling sequence:

CALL ROT

return

CODING INFORMATION

Length of subroutine (includes ROT as a subset) is 1003(10) or 1753(8) words.
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IDENTIFICATION 30

LN/LOGI10

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE
To compute log10 x or loge x for a floating point, single precision x.
‘ RESTRICTIONS

a. An error will occur if x <£0.
b. Uses COMMON to CQMMON +3.

METHOD
Represent x as 2X F where 1/2 £F<1.
k
Therefore, log_ x = log,, (2" F) =k log, 2 +log, F.

The following continued fraction is used to compute loge F:
loge F :loge 0.725 + r

0.725 + r
2 +r
2.175 + r
1l +r
3.625 + 1
T +tr
3 5.075 + r

0.5
where r = (F - 0.725).
Loglo x is computed by obtaining loge X, using the above approximation, and then using
the relation:
log10 X = (loge x) (log10 e)
Accuracy: This method gives 26 significant binary digits except near x =1, where the

result is accurate to 26 binary places.
USE

Enter with a floating point argument in the accumulator, exit with the floating point

logarithm in the accumulator.

Calling sequences:

For loge x: CLA X For loglo x: CLA X
CALL LN CALL LOG10
error return error return
normal return normal return

CODING INFORMATION

Length of subroutine is 59(10) or 73(8) words.
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‘ IDENTIFICATION 31-1 of 13

MARK

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To solve the first n of a set, N, of first order differential equations simultaneously
utilizing Adams- Moulton open or open and closed formula types. A Runge-Kutta 4th order
integrator is used as a starting routine to generate backward differences initially. Pro-
vision is made for interrupting the integration process at specified values of either the
independent or the dependent variables. The order of differences (m) used in the Adams-

Moulton mode is six.

RESTRICTIONS

a. Changes in H must be accomplished by the use of a "doubling' or '"halving'" procedure

in MARK that will double (set H = 2H) or halve (set H = 0.5 H) the integration step size.

} b. Underflow and overflow are not checked internally.
| ¢. The user must provide the necessary interruption subroutines, an auxiliary program
. to evaluate the n first order derivatives, and a bank of storage for internal
calculations.

d. The external cell DUBFLG is set non-zero at a double (hence at the end of 6 steps).
This forces the probe ephemeris write logic to set the step counter to 3, to com-
pensate for the doubled step-size. ‘

e. Subroutine PPOOR is called to force a probe ephemeris record to be counted. This
occurs at the Runge-Kutta to Adams-Moulton change and at each step when under

Adams-Moulton control.

METHOD

a. MARK permits the user to solve the N differential equations by one of two options:
1. Runge-Kutta 4th order.
2. Adams-Moulton with a fixed step-size, H, and the ability to alter H by the
’ doubling and/or halving procedure using Runge-Kutta to initially generate back-

ward differences. This applies either a predictor or a predictor with q correc-

~

tions (open or open/closed type formulas).
b. Both the independent and the dependent variables are automatically carriedinternally
in partial double precision to control round-off error locally. The user, however,
will recognize the variables only as single precision quantities. However, the user

. may carry the independent variable in full double precision by option.
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c. Equations: 31-2 of 13

1.

The classical Runge-Kutta 4th order equations: Let the system of equations to be

solved be in the form

vi =5ty vy j=12,,N

Lety. _be the value of y, att =t and f. be the derivative of y, att =t . Let
M J yl J J i

’

h be the step-size of the independent variable t. Then

K, = hf(t,y.
1 i Vi, )
K,
K. = hf(t +1/2h, vy, +——
) i / Vi n T2
K,
K, =hf(t +1/2h, vy, +—=)
3 J(ﬂ / Yiin T2
K, = hf.(t +At,y. +K
4 J(11 Vi m 3)
Y5 ne1 = Y, m + (1/6)(K1 + 2K, + 2K, + K)

The Adams-Moulton predictor-corrector equations: Lety., Y;i be defined as

above. Then

yp =y, + h(a

0 1
il 5o OV +a1V +,-, ta_Vv

Y (open type)

where V is a backward difference operator operating on yé, 1 where

t — 1
Win T Yim

The predictor coefficients a  are:

ag = 1.0 ag = 0.329861111
a, =0.5 ag = 0. 315691936
a, = 0.416666666 a; = 0.304224539
a, =0.375 ag = 0.294868003
a, =0.348611111 ag = 0.2870754484
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31-3 of 13
1P
. =f{t , v. j=1,--+, N
1 = 0 1 m, 1P
yj,n+1' = Yj"‘] + h(bOV + blV +, , + me )YJ,TI'H {closed type)

where V is defined as above, 1 is the first corrector application, and the

corrector coefficients brn are:

bo =1.0 b5 = -0.01875
b1 =-0.5 b6 = -0.0142691795
b2 = -0.0833333333 b7 = -0.0113673950
b3 = -0.0416666666 b8 = -0.0093565362
b4 = -0.0263888888 b9 = -0.0078925542
NOTE: bm+1 :am+l - am
continuing
2 _ 0 1 m, 11
yj,n+1 = Yj:"'l + h(bOV +blV +, , + me )yj,n+l
(i+1) . .
V. S £ (1)
j»ntl = yj,n+l + hoe
m
- L i) (i) v {i-1)
where g = Z bm: € - YJ: n+1 - YJ: T]+l
£=0

iis the i th correction on the predictor formula.

. The formula for interpolation to interruption on a dependent variable in the

Adams-Moulton mode is:
= (-1 *
qJ (-1) | JI

where
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« and 31-4 of 13
oo fe-1)p-2), - - -, (e-)) T
lj‘ - G+I) T jeboo,m

J
cJ = bj + E qibj-i j =1, , m
i=1

bj = corrector coefficients described in 2 above

d —ch j =1, , M

| m

1 -

Ve, = Ve, mtl h“(yzn+1+§:dj) £=1-"n

j=1

Y
Y,
Y, 41

4. The formula for interpolation to halve the step-size (H), dropping the subscript j,

is as follows:

m
y'(t) = Z q(_r;’)(u)y'(tn_k)
k=0
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31-5 0of 13

where:

m!
i=1
t=t - nth
n
n—lyzy ]
101
L=, 3
t - néh-t
o= 0 - _ne
h

.. 2
1l &

Let £ = 1/2 then p = -(1/2)n where n represents the absolute value of the sub-
script of t in sketc

In the program:

1 m
Q =g [ [+

i=1
and

- (v + K)(m - k)
U+1 G+ Nk D
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USE 31-6 of 13

a. Calling sequence:
CALL MARK
PZE HBANK, P, EOS
PZE DERI, ¢, DER2
ERROR RETURN

Pix B1,, Yl
PZE Z1

Pfx B2,,Y2
PZE Z2

Pfx BJ,,YJ
PZE zJ
PZE 0

where the symbols are defined as follows:

HBANK - The location of a bank of storage to be described below.

0 - The independent variable is carried in partial double precision

P (single precision to the user). .
1 - The independent variable is carried in full double precision.

EOsS - The location of a user "end of step" routine. The command, TRA 1, 4,

terminates the EOS as a normal return. The command TRA 2, 4, per-
mits the user to execute a "restart" procedure from the EOS routine.
Restart capability will be discussed subsequently. It is used to
evaluate variables that are needed only after a full integration step is
completed.

DERI - The location of the entry to the user's derivative routine that carries
out all calculations that involve the independent variable. This
routine must terminate with a TRA 1, 4 command.

DER2 - The location of the entry to that portion of the user's derivative
routine that carries out all calculations that do not involve the inde-
pendent variable but are required to evaluate the derivatives.

A simple example of the use of DER1, DER2 follows:

Suppose we are to solve:

%=ax2+by

Then:
DERI zm:2
DER?2 by
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dy 31-7 of 13
dx

TRA 1,4
Thus the DERI! entry calculates the extra term involving the independent variable x. This
provides a saving of real machine time, particularly during the Runge-Kutta phase of
integration, but also saves machine time when the closed type formula is used with
Adams-Moulton integration.

® = {O - Adams-Moulton integration with fixed-step size

2 - Runge-Kutta integration only

The pairs of locations in the calling sequence specified as:

Pix BJ,,YJ | are defined as "triggers''.

PZE ZJ }
These triggers are the linkage control to the user's interruption subroutines. The trig-
gers state that control is transferred to location BJ when the contents of location YJ are
equal to the contents of location ZJ. Thus BJ is the location of a user's interruption sub-
routine, YJ is the location of a variable being checked, and ZJ is the location that con-
tains the desired value for YJ.
b. Triggers:

1. Independent variable triggers, called T-stops: These triggers interrupt on values
of the independent variable of integration. All T-stops must have YJ = 0. That
is, they must have the following format in the calling sequence:

Pfx BJ
PZE ZJ

The logic used to execute T-stops is as follows:

Let

tsl’ t52’ t

be a set of values of the independent variable for which interruptions are desired.

AAADIT o ad
VI A ALY DCL>

t = Min{tsl, by ,tsk}

Integration continues normally until the independent variable reaches the

condition:

The step size is set = (tn - tm) and integration is carried to tm where all the values of

+1
the variables including derivatives and end of step values are calculated and control is
then transferred to the user's corresponding interruption subroutine. After control is

returned from the user's interruption routine, all values are reset to station 1:71_*’l and the
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next trrl is determined. If no other trn exists within this step, integration continues. Thus,
interruption routines for all ta within a given step are executed before integration con-
tinues. There is no limitation on the number of T-stops permitted (except for machine

size, of course).

Dependent variable triggers, called Y-stops: These triggers are interrogated at the

beginning of an integration step and a value

L. = -y,
J y'fl yJ

is calculated and saved for each of the j Y-stops. At the end of the integration step the

.difference

R, = -y,
A2 SRS

is calculated and the algebraic sign of Rj is compared to Lj: If
sgn Lj % sgn Rj

Then the conditiony = Yj has occurred within the integration step and a linear inter-
polation search procedure is executed to determine the value of the independent variable,
t, such thaty = yj. When the At calculated by the search procedure is such that

IAtl < dp where

1
o

2-26 Max IH, t ‘ for P

n+1
op =

2-42 Max IH, t

1
—

1’]+1| for P =

then convergence to tJ. is assured. At this point all values of the dependent variable
including their respective derivatives and any end of step calculations are determined and
contxol for the corresponding Y-stop is returned to the user's interruption routine. If
more than one Y-stop trigger occurs within an integration step, then the triggers are
executed in the order of the smallest value of the independent variable determined for the
respective Y-stops. Thus, the order of execution is determined by the independent vari-
able. After all Y-stops within an integration step have been determined and executed, the
conditions at station t’1+1 are restored for all dependent variables and their derivatives
and end of step calculations, if any. Integration then continues normally.

Up to and including fifty dependent variable triggers are permitted. However, this num-
ber may be altered by changing the symbolic card "OMAR EQU 50" in the symbolic pro-

gram deck to the desired number.

128




JPL TECHNICAL MEMORANDUM NO. 33-198

31-9 of 13
It remains to define Pfx of the trigger pair. This is utilized to permit the user to render
triggers "active" or "inactive". Active means that a trigger is to be interrogated and
executed if necessary. Inactive means that the trigger is to be ignored.
Thus, if:

PZE trigger is active
Pix =
MZE trigger is inactive

The interruption routines provided by the user must terminate with either a TRA 1, 4
command or a TRA 2, 4 command.
TRA 1,4 is used when the interruption does not constitute a discontinuity in any of
the calculations.
TRA 2,4 is used when a discontinuity exists. Under this condition a "restart" pro-
cedure is instigated by MARK by continuing beyond the discontinuity point
using Runge-Kutta until a sufficient number of backward differences are

determined to switch to Adams-Moulton integration.

c. Comments on triggers:
l.  There is no limitation on how many times a trigger may be executed.
2. In all cases where more than one trigger is to be executed at a single point (tj)

the triggers will be executed in order of their ascending appearance in the calling
sequence.

3. Control is returned to the error return of the calling sequence whenever
th < (tTI - 6}1.)’ or when the number of Y-stops exceeds fifty. The entire list of

triggers must be terminated with

PZE 0
d. Comments on restart capability:
1. Restart should only be executed when there is a definite discontinuity in the dif-

ferential equations of integration.

2. When restarting from the Runge-Kutta mode, the nominal step-size, At, is set
= H from the HBANK.

3. When restarting from the Adams-Moulton mode, the nominal step-size, At, is
set = hc; hc is the last step-size resulting from using NH or ND in the fixed
Adams-Moulton mode. This situation may be overridden by introducing the
desired step-size to MARK via the entry point HC discussed subsequently in the
section on ENTRY POINTS by using the command

STO*  gHC

4. Restarting is accomplished by m + 1 integration steps in the Runge-Kutta mode
to generate a new set of backward differences.

5. Restart is possible in both integration modes from an independent variable trig-
ger, a dependent variable trigger, or the end of step box.

6. All dependent variable triggers that occur simultaneously will be executed before

the restart procedure is commenced from one of these dependent variable triggers.
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e. The bank of storage specified by the location HBANK is as follows: 31-10 of 13 '
PZE m
PZE NH
PZE ND
HBANK DEC H
PZE N,,n
DEC t,
DEC t,
DEC vy,
DEC Y,
DEC Y,
DEC YN
DEC y'l
t
DEC ¥5
1
DEC Yy
1
DEC YN
BSS 3N + 2N(m + 1) for ®0, 2
where:
m = order of differences to be carried in the Adams-Moulton mode. m <9
(fixed point in the address portion of the word) for & = 0.
NH = number of times to sequentially halve the step-size in the Adams-
Moulton mode. (fixed point in the address portion of the word.)
ND = number of times to sequentially double the step-size in the Adams-

Moulton mode. (fixed point in the address portion of the word.)
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Z

1 1
y1tovy

! 1
viteyy

NOTE 1: 31-11 of 13

NH takes precedence over ND and doubling is not executed until the
number of times to halve is completed. If these numbers are introduced
initially in the HBANK, the procedure is commenced automatically when
conversion from Runge-Kutta to Adams-Moulton is completed. NH and
ND are ignored when using the automatic variable step-size mode. NH
and ND may be set by dependent variable or independent variable inter-
ruption routines in the Adams-Moulton fixed mode. Anytime control is
returned to the user through an interruption routine the number of times
halving and/or doubling have/has been completed is available in the
decrement portion of NH and/or ND. If additional halving and/or
doubling requests are entered in the address portions of NH and/or ND
before a preceding request is completed, the sum of the additional

request and those remaining uncompleted will be executed.

nominal step-size (floating point).
total number of lst order differential equations (fixed point).
total number of the first nlst order differential equations to be inte-

grated by MARK, n <N (fixed point).
NOTE 2:

H and N must not be altered unless a restart procedure is executed after
the initial entry to MARK. n may be altered after the initial entry to
MARK through an interruption routine. If n is increased, MARK
restarts. Care should be exercised in setting the initial conditions cor-
responding to the additional equations to be integrated. If n is decreased,
MARK continues normally integrating the new n set of differential

equations.

single precision value of the independent variable in floating point.
second precision value of the independent variable in floating point. If

P = 0 (single precision), and the restart mode is not being initiated, then
ty is set to zero before integration is started.

values of the N differential equations for the dependent variables. The
initial or starting values must be predetermined and set by the user
(floating point).

values of the derivatives of the dependent variables calculated and stored
by the user's derivative routine (DER1, DERZ2). An initial pass is
executed through DERl, DER2, and EOS by MARK before the integra-

tion process is commenced (floating point).
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Entry points:

31-12 of 13

Provision is made through entry points to MARK to transmit certain information to

MARK or to render certain information available to the user that is stored internally

in MARK:
HC

NI

TGLO

YDOT

Y(2)

YO
YO(2)

By using the command

CLA* gHC
the user has direct access to the current step-size being used in the
integration process. This is not necessarily the nominal step-size, H,
introduced by the user in the HBANK (floating point).
By using the command

STO*  BNI
the user Informs MARK that he desired i corrections to be performed on
the predictor formula used in the Adams-Moulton fixed mode of
integration.
By using the command

CLA* BTGLO

the user has direct access to the most recent tfl'“ calculated, where

t"l‘“ represents the value of the independent variable at the end of an
integration step (floating point).
The command

CLA* &Y
gives the user access to the location of the dependent variables (single
precision) in the HBANK. This appears as L(Y), 1 where index register
1 set to n and counted down renders all the variables to the user
(floating point).
The command

CLA* BYDOT
performs the same function as Y for the derivatives of the dependent
variables (floating point).
The command

CLA%  AY(2)
renders the location of the second precision part of the dependent vari-
ables available to the user (floating point).
The commands

CLA* #YO

CLA% BYO(2)
render the locations of the single and double precision values of the
dependent variables at t_ available to the user. t, represents the value
of the independent variable at the beginning of an integration step

(floating point).

132




JPL TECHNICAL MEMORANDUM NO. 33-198

g. Storage: 31-13 of 13
The user must supply 5N + 7 + 2N{m + 1) storage location for & = 0, 2. N =

maximum number of differential equations. m = order of differences to be carried
in Adams-Moulton mode. Also, whatever storage is required for the user's deriva-

tive box and trigger control must be supplied.

CODING INFORMATION

Length of subroutine is 1646(10) or 3156(8) words.

REFERENCES

a. Hildebrand, F. B., Introduction to Numerical Analysis, Chapter 6.
b. Ford, L. R., Differential Equations, Chapter 6.
Causey, R. L., Tobey Jean, RWDE2F, "Floating Point Adams-Moulton, Runge-Kutta

Integration.” The Ramo-Wooldridge Company, Los Angeles, California, February
10, 1958.
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IDENTIFICATION 32-1 of 4

MARSMM/MARSPC/MARFIX/MHA/PMAT/PPMAT
Alan D. Rosenberg, JPL

IBM 7094 Fap

December 2, 1964

PURPOSE

a. To compute the Mars hour angle and the matrices PMAT and PPMAT which rotate
from a space-fixed mean Earth equator and equinox of 1950.0 coordinate system to a
space-fixed Mars equatorial coordinate system, and from the latter system to a Mars-
fixed Mars equatorial coordinate system, respectively.

b. To apply the PMAT matrix to an input vector.

c. To apply the PPMAT matrix to input position and velocity vectors.

RESTRICTIONS

Subroutines SIN, COS, CROSS, UNIT, FIX, FLOAT and MATRIX are called.
COMMON locations XN, XN., T and T+l are assumed to contain the planetary positions
and velocities and double precision seconds past 0 hr January 1, 1950, respectively.
c. MARSMM must be called before MARSPC or MARFIX may be called. ‘
COMMON+4, COMMON+5 and cells 777648 through 777778 are used.
e. Entries MHA, PMAT and PPMAT are provided so the computed Mars hour angle and

two rotation matrices are accessible,

METHOD

a. The orientation of the Mars spin axis is defined relative to the mean Earth equator and

equinox of 1950. 0 by the angles:

=}
i

317.7934 deg

o
{]

54,6575 deg

which correspond to the direction cosines:

fa)
P = cos & cos Ay, cos 50 sin Ay sin 60

A unit vecter normal to the Mars-orbital plane is computed by:
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Ror * Voo 32-2 of 4

2>

od x V

o

od

where ﬁOd‘ and Vod are the Sun-Mars position and velocity vectors referenced tothe

Earth equator and equinox of 1950.0 coordinate system. Next, define

A A

A
[P x NI

A A

K =P

~ Pa Y A

J = KxI

N\
wherell\, 3\, K are the unit vectors defining the X, Y, Z axes, respectively, of the
space-fixed Mars equator and equinox of 1950.0 coordinate system. Hence the matrix
to rotate from the space-fixed Earth mean equator and equinox of 1950.0 frame to the

space-fixed Mars equatorial frame is as follows:

Since no precession or nutation of the Mars equator has been defined, the above matrix
is sufficient to express the relationship between the Earth and Mars equators as stated.
. The rotation from a space-fixed Mars equatorial coordinate system to a Mars-fixed
Mars equatorial coordinate system involves only a rotation about the Z-axis by the
Mars hour angle, MHA:

MHA -= MHAref + wMTD 0 deg < MHA < 360 deg

where

MHA 145, 042501 deg

ref

SV angular rotation rate
= 350.891962 deg/day
= 0.7088217655 x 10”4 rad/sec

T, = days past 0 hr January 1, 1950, U. T.
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The rotation matrix is therefore: 32-3 of 4

cos MHA sin MHA 0

PPMAT =} -sin MHA cos MHA 0

and position and velocity vectors may be expressed in the Mars-fixed Mars equatorial co-

ordinate system as follows:

X X
v |=PPMAT]| Y
Z Z
% X + wy /Y
v |=|PPMAT]| ¥ - o X

i ’ o

MARSMM computes the Mars hour angle MHA and the two matrices PMAT and PPMAT.

MARSPC rotates an input vector from space-fixed Earth mean equator and equinoxof 1950.0
coordinates to space-fixed Mars equatorial coordinates.

MARFIX rotates an input position and velocity vector from space-fixed Mars equatorial

coordinates to Mars-fixed Mars equatorial coordinates.

USE

Calling sequences:
a. CALL MARSMM
return
Exit with the Mars hour angle computed and stored in MHA, the Earth-equatorial to
Mars-equatorial rotation matrix stored row-wise in PMAT through PMAT+8 and the
space-fixed Mars equatorial to Mars-fixed Mars equatorial rotation matrix stored row-
wise in PPMAT through PPMAT+8.
b. CALL MARSPC
PZE A,,B
return
where A, A+l, A+2 contain the input vector referenced to the space-fixed mean Earth

equator and equinox of 1950.0 coordinate system. ‘
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B, B+l, B+2 contain the output vector referenced to the space-fixed Mars equatorial
coordinate system
and where the matrix used is assumed to have been previously computed and stored
internally in PMAT through PMAT+8.
c. CALL MARFIX

PZE A, B
return
where A, ..., A+5 contain the input position and velocity vectors referenced to the space-

fixed Mars equatorial coordinate system.
B, ..., B+5 contain the output position and velocity vectors referenced to the Mars-
fixed Mars equatorial coordinate system
and where the matrix used is assumed to have been previously computed and stored
internally in PPMAT through PPMAT+8.

CODING INFORMATION

Length of subroutine is 160(10) or 240(8) words.

REFERENCE

JPL Section 312 RFP 141, July 4, 1963.
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IDENTIFICATION 33.1

MATRIX

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To perform the matrix multiplication C = (A)(B).

RESTRICTIONS

a. The matrix A must be m x 3 and B must be 3 x n.

b. MATRIX is a subset of a package of several subroutines.

METHOD

The multiplication is performed in the manner indicated by the mathematical definition of

matrix multiplication.

USE
Calling sequence:

CALL MATRIX
PZE M,,A
PZE N,,B

PZE ,, C
where
M contains the fixed point m dimension of matrix A.
A, -+, A48 contain the A matrix, stored row-wise with A11 the first element.
N contains the fixed point n dimension of matrix B.
B, -+, B+8 contain the B matrix, stored row-wise with B11 the first element.
C, *++, C+8 contain the matrix product C = (A)(B), stored row-wise with C,, the

first element.

CODING INFORMATION

Length of subroutine (includes MATRIX as a subset) is 1046(10) or 2026(8) words.
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‘ IDENTIFICATION 33.2-10f 9

MNA/MNA1/MNAMD/MNAMDI1/NUTEPH/NUTLON/NUTOBL
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To rotate true Earth equator of-date coordinates to true lunar equator of-date coordinates

and vice versa via the M and M matrices, and to form the matrix N, which

rotates mean Earth equator of-date coordinates to true Earth equator of-date

coordinates.

RESTRICTIONS

a.

MNA, et.al., is a subset of the lunar model package and uses other subroutines in
the package.

The input parameter NUTEPH is an internal cell and is accessible via an entry. If
NUTEPH is non-zero then the nutation in longitude and nutation in obliquity are com-
puted. If NUTEPH is zero, then the nutations are obtained by interpolation of the
nutation data on the double precision JPL Ephemeris Tapes obtained by calling
subroutine ANTRI.

Entries NUTLON and NUTOBL have been provided so that the output parameters,
nutation in longitude and nutation in obliquity, respectively, are accessible,

It is assumed that the matrix A, which rotates mean Earth equator of 1950, 0 coordi-
nates to mean Earth equator of-date coordinates, has been updated and is in COMMON
locations AA through AA+8,

The output N matrix is stored in NUTMAT through NUTMAT+8 and is accessible via
the entry NUTMAT, the output product matrix MNA is stored in COMMON locations
(MNA) through (MNA)+8 and the output matrix M is stored in COMMON locations
MM through MM+8.

8a, the nutation in right ascension used in the calculation of the true value of the

Greenwich hour angle, is computed and stored in COMMON location NUTRA,

METHOD

a.

The nutation matrix N: To describe the nutation of the Earth about its precessing
mean equator, it is convenient to construct the nutation matrix N which relates the
cartesian coordinates expressed in the true equator and equinox to those in the mean

equator and equinox as shown in the following sketch:
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ECLIPTIC

where:

1. ¢ is the mean obliquity and is given by:

- 23°4457587 - 0°01309404T - 0°0088 x 10 *T% + 020050 x 10™ 4T3

m

where T is the number of Julian centuries of 36, 525 days past the epoch 0 hr January 1,

1950, E. T. ‘

The nutations &e and 6y may be obtained by interpolation of the nutation data on the double
precision JPL Ephemeris Tapes or they may be computed as follows:

4 4.2

Q=1221127902 - 0°0529539222d + 20°795 x 10 °T + 20°81 x 10 T

4

+ 0°02 x 10743

€ =64237545167 + 1371763965268d - 11731575 x 10-4T - 1123015

x 1074T2 + 02019 x 10-4T3
I'’= 20828439877 + 0°1114040803d - 0°010334T - 0°010343T2

- 0°12 x 10°4T3

L =280°08121009 + 0°9856473354d + 3°03 x 10-4T + 3°03 x 10-4T12

4 4

I'=282708053028 + 0°470684 x 10

x 107472 4 0°03 x 107473

d + 425525 x 10 T + 42575

where T is the number of Julian centuries of 36, 525 days past the epoch 0 hr January 1,

1950, E.T., and d is the number of days past the same epoch. The program uses d in
double precision.

2. Oy is the nutation in longitude measured from the true vernal equinox at the X' ‘

axis to the mean vernal equinox at the X axis.
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‘ 33.2-30f9
&y = Ay + dy, where Ay denotes the long period terms and dy denotes the short

period terms. They are given by:

Ay = - (47°8927 + 0°0482T) x 10"%sin® + 0°5800 x 10-%sin2Q

- 325361 x 10"4sin2L - 0°1378 x 10-4sin(3L - T') + 0°0594 x 10~ %
x sin(L + T) + 0.0344 x 10'4sin(2L -Q) + 0.0125 x 1074 sin(2T" - Q)
+ 023500 x 10 % sin(L. - T) + 0°0125 x 1074 sin(2L - 2 M)
025658 x 10™4 sin2¢ - 0°0950 x 10°% sin(2€ - Q) - 0°0725 x 1074
4

dy
x sin(3€ - T') + 00317 x 10" % sin(€ + T') + 0°0161 x 10

x sin(€ - ' +Q) + 020158 x 10" % sin(€ - T - Q) - 0°0144 x 10°%

% sin(3C + ' - 2L) - 020122 x 10”4 sin(3C - T' - ) + 0°1875 x 104

x sin(€ - T') + 020078 x 1074 sin(2€ - 2T') + 0°0414 x 1074

x sin(@+ ' - 2L) + 020167 x 10"% sin(2€ - 2L) - 020089 x 10~ %

x sin(4€ -~ 2L)
3. 6e = is the nutation in obliquity. 8¢ = Ae¢ + de, where Ae denotes the long-

period terms and de the short-period terms. They are given by:

‘ Ac = 25°5844 x 10-4 cosQ - 022511 x 10-4 cos2Q + 1°5336 x 1074
x cos2L + 020666 x 10-4 cos(3L - I') - 020258 x 104 cos(L + I')
- 0°0183 x 104 cos(2L - Q) - 0°0067 x 10-4 cos(2T" - Q)

de = 0°2456 x 104 cos2€ + 0°0508 x 1074 cos(2€ - Q) + 020369 x 1074

x cos(3€ -T') - 0°0139 x 104 cos(€ + I'") - 0°0086 x 10_4

x cos(€ - T' +Q) + 020083 x 10-4 cos(€ - ' -Q) + 020061 x 1074

/
x cos(3¢ + 1" - 2L) + 620G

2]

064 = 10"% cos{3C - I' - Q)
4. The true obliquity is computed as follows:
€ = ¢+ Be

5. da is the nutation in right ascension used in the calculation of the true value of

the Greenwich hour angle of the vernal equinox and is given by:
da = oy cose

If N is defined in the sense
X! X
Y! = N Y

® . .
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b.

33.2-40f 9
where the primed system is the true equator and equinox and the unprimed is the

mean equator and equinox, then the Nij are given by

Nll = cosdy

le = -sindy cose

N;; = -sindy sine

N21 = sindy cose

N,, = cosby cose cos € + sine sine
N23 = cos®P cose sine¢ - sine cose
N31 = sin 6y sine

N32 = cos 6y sine cose - cose sine
N33 = cos 6y sine sine + cose cose

Since |6y] < 104 and |6e] < 10-4, the Nij are expanded to first order in &y and

e to obtain a form which is better behaved for numerical calculation:

1 -5y cose -5y sine
N = 8y cose 1 -0e
Sy sine Se 1

The true Earth equator of-date to true lunar equator of-date matrix, M:

The relationship between the two planes is shown in the following sketch:

2
A

where the X', Y', Z' frame is the Earth's true equator and equinox; the x - y plane
lies in Moon's true equator with z completing the right-hand system by lying along
the Moon's spin axis. 1iis the inclination of the Moon's true equator to the Earth's
true equator. @' is the right ascension of the ascending node of the Moon's true

equator; A is the anomaly from the node to the x axis; A is the anomaly from the node
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33.2-50f 9
to the ascending node of the Moon's true equator on the ecliptic; ¢ is the true

obliquity of the ecliptic; &y is the nutation in longitude; Q is the mean longitude of the
descending node of the Moon's mean equator on the ecliptic; € is the mean longitude
of the Moon; I is the inclination of the Moon's mean equator to the ecliptic; ¢ is the

libration in the node; T is the libration in the mean longitude; and p is the libration

in the inclination. The anomalies are related by A - A= (€ + 1) - (Q + 7).
The librations are given by

osinl = -020302777 sing + 070102777 sin(g + 2w) - 0200305555 sin(2g + 2w)

T = -07003333 sing + 070163888 sing' + 07005 sin2w
p = -020297222 cosg + 020102777 cos{g + 2w) - 0700305555 cos(2g + 2w)
I =12535

The following expressions have been programmed for g, g', and w:

g = 215754013 + 1320649924d

g' = 3587009067 + 0298560054d

w = 1967745632 + 071643586d
Evidently g = € - T, the mean anomaly of the Moon; g' = L - I, the mean anomaly
of the Sun; and w = I'" - @, the argument of the perigee of the Moon, All quantities

relate to mean motions of the Sun and the Moon.

cosi = cos{2+ o + 6Y) sine sin(I + p) + cose cos(I + p), 0 <i< 90°

sinQ' = -sin(Q + o + &) sin(I + p) csci, -90° < Q' < 90°

sinA = -sin{Q + o + 6Y) sine csci

cosA = -sin(Q + o + 6Y) sinQ! cose - cos(2+ o + 6y) cosQ!, 0 < A < 360°
A=A+ (€+71) - @+0)

The two rectangular systems are related through A, @', and i by the rotation:

1]
X myp my, My, X
— 1
y | = | ™ Mz Mps Y
1
z m3) M3, Mg z
where
m;, = cosA cos' - sinA sinQ' cosi
m, = cosA sinQ' + sinA cosQ! cosi
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M3

m

21

22

23

31

m

32

M33

= sinA sini

= -sinA cosQ' - cosA sin! cosi
= -sinA sin®' + cosA cosQ' cosi
= cosA sini

= sinQ' sini

= -cosQ'sini

= cosi

33,2-60f 9

Combining the above mij (M) rotation matrix with the N and A matrices gives the

MNA matrix used to rbtate a position vector from Earth mean equator of 1950.0

coordinates, (X, Y, Z), to true lunar equator of-date coordinater, (x, y, 2):

and inversely,

x X

y = MNA Y

z Z
X x
Y =  (MNA)' 'y
Z z

for the position transformation in the other direction.

and i are taken to be zero.

Thus

& &

h‘z )

Ng.

Ng. Ng.

(-sinA cosQ' - cosA sinQ' cos i)A
(-sinA sinQ' + cosA cosQ! cos i)f\

(cosA sini)A

= (-cosA cosf' + sinA sinQ' cos i)A

(-cosA sinQ' - sinA cosQ' cos i)A

= (-sinA sin i)[\
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From the formula

obtain

Mgy =0
My, =0
My, =0

Az A+ (€+7T) - (R+ o)

A=A +C++-Q-¢

The adopted numerical expressions for the rates are

A =

-cos(Q + o + 6Y) sine (& + &)

D A
1l 1l

.
H

0.266170762 x 10°°

-0.1069698435 x 10~

sinicos A

7

+ 0.579473484 x 10~ cos2wrad/sec

9
1}

-0.1064057858 x 10~ ' cos(2w + 2g)rad/sec

- 0.12499171 x 10°13 T rad/sec
+ 0.23015329 x 10°13 T rad/sec

-0.1535272946 x 109 cosg + 0.569494067 x 10-10cos g

-0.520642191 x 10-7cosg + 0.1811774451 x 10'7cos(g + 2w)

To obtain velocity transformations the approximation is made that

thus

¥

\¢/

N=A=0
X
=  MNA Y + MNA

and for the inverse transformation
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33,2-8 of 9
X X x
e = (MNA)' v +  (MNA)' y
Z Z z

A definition of the A matrix can be found in subroutine ROTEQ.

USE

Calling sequences:
a. Position vector transformation:
CALL MNA or MNAI
PZE 1,, A
PZE n,, B
where A, A+l, A+2 contain the input vector
B, B+1, B+2 contain the output vector

n = 0 rotates true lunar equator of-date to mean Earth equator
of 1950.0
= 1 rotates mean Earth equator of 1950.0 to true lunar equator

of-date.

Enter with the fractional part of the day past 0 hr of the epoch, E.T., in the
AC and the integer days past 0 hr January 1, 1950, E. T., of the epoch T,
in the MQ,

It is assumed that the A matrix has been previously computed and stored in
COMMON locations AA through AA+8,

The N matrix is computed and stored in locations NUTMAT through NUTMAT+8.
The M matrix is computed and stored in COMMON locations MM through MM+8,
The product matrices NA and MNA are formed and stored in COMMON locations
(NA) through (NA)+8 and (MNA) through (MNA) +8, respectively. The nutation

in right ascension is computed and stored in COMMON location NUTRA. The
nutations in longitude and obliquity are stored in locations NUTLON and NUTOBL,

respectively.

If CALL MNAI is used, the contents of MNAET are used to determine whether or
not the .01 day test is to be used as criteria for recomputing the matrices M and

N, MNAET = 0 forces recomputation.
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b. Velocity vector transformation: 33,2-9 of 9
CALL MNAMD
PZE 1,, A
PZE 1,,B
PZE n,,C
where A, A+l, A+2 contain the input position vector
B, B+l, B+2 contain the input velocity vector
C, C+1, C+2 contain the output velocity vector
n = 0 rotates true lunar equator of-date to mean Earth equator
of 1950.0
= 1 rotates mean Earth equator of 1950, 0 to true lunar equator

of-date.

Enter with the fractional part of the day past 0 hr of the epoch, E.T., inthe AC
and the integer days past 0 hr January 1, 1950, E. T. of the epoch T, in the MQ.

It is assumed that the A matrix has been previously computed and stored in
COMMON locations AA through AA+8.

The N matrix is computed and stored in locations NUTMAT through NUTMAT+8.
The M matrix is computed and stored in COMMON locations MM through MM+8,
The product matrices NA and MNA are formed and stored in COMMON locations
(NA) through (NA)+8 and (MNA) through (MNA) +8, respectively., The nutation
in right ascension is computed and stored in COMMON location NUTRA.,

The nutations in longitude and obliquity are stored in locations NUTLON and
NUTOBL, respectively.

If CALL MNAMDI is used then the contents of MNAET are used to determine
whether or not the . 01 day test is to be used as criteria for recomputing the
matrices M and N. MNAET = 0 forces recomputation.

CODING INFORMATION

Length of subroutine (includes MNA, et.al., as a subset) is 1046 (10) or 2026 (8) words.

REFERENCE

Holdridge, D. B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report No. 32-223, Revision No. 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962,
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IDENTIFICATION 33.3-10f 3

XYZDD/XYZDD1/LUNGRV
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To compute the oblate potential due to the Moon.

RESTRICTIONS

a. XYZDD, XYZDDI1 is a'subset of the lunar model package and uses other subroutines
in the package.

b. The input parameter MNAET is an internal cell and is accessible via an entry.

c. Subroutine PROD is used.
The acceleration vector is set to zero if the distance from the Moon's center to the
probe is greater than 40, 000 km.

e. The entry LUNGRYV has been provided so the universal gravitational constant, G,
and the moments of inertia, A, B, C, are accessible.

f. The option of using the . 01 day delta-time test to force recomputation of the matrices ‘

used in the transformations is provided via the entry XYZDDI1 and the internal flag
MNAET. A non-zero MNAET causes the matrices to be recomputed only if time
since the last computation has changed by . 01 days.

g. It is assumed that the matrix A, which rotates mean Earth equator of 1950.0
coordinates to mean Earth equator of-date coordinates, has been updated and is in
COMMON locations AA through AA+8,

METHOD

The following form of the potential function which accounts for a second harmonic has

been adopted:

U _GA+B+C - 30
qQ R ZRZ
where
M¢ 2
G :m_G:k 'y

the universal gravitational constant, km3/kg-sec2
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‘ 33.3-2 of 3
xZ _XZ ZZ

R = Moon-probe distance, km

A, B, C = moments of inertia, kg - kmz.

To obtain an expression for the perturbing acceleration,

_— BU« 8U« E)U(I
- H H
1 8u2 8u3

is formed, where up = X,u2 = Y, and u, = Z.

2 2 2 L2 3

aU u,
_C_ G _éé_ﬂ__t_c+£_1__l-_3-Am.x+Bm_y+cm,z
2 R RZIR R 1j 2j 3

where j =1, 2, 3

and where X, Y, Z is the Moon-probe vector referenced to the Earth mean equator and

equinox of 1950. 0 coordinate system.

X, y, z is the Moon-probe vector referenced to the true lunar equator of-date

‘ coordinate system.

mij are the elements of the MNA matrix, where

X
y = MNA Y
z Z

USE

Calling sequence:
CALL XYZDD or XYZDDI1
PZE 1,,A
PZE 0,,8B

return

where A, A+l, A+2 contain the input Moon-probe position vector referenced to the Earth

mean equator and equinox of 1950. 0 coordinate system.

B, B+l, B+2 contain the output perturbing acceleration.
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33.3-30f 3 ‘

and where the contents of the location MNAET is tested to determine whether or not the
0.0lday test is to be used (XYZDDI1 entry only). A zero MNAET deletes the 0.01 day test

and hence forces recomputation of the MNA matrix.

Enter with the fractional days past 0 hr of epoch in the AC and the integer days past O hr
January 1, 1950, E.T. in the MQ.

The output vector in B, B+l, B+2 will be set to zero if the magnitude of the input vector
in A, A+l, A+2 is greater than 40, 000 km.

CODING INFORMATION

Length of subroutine (includes XYZDD, XYZDDI as a subset) is 1046 (10) or 2026 (8)

words.

REFERENCE
Holdridge, D.B., Space Trajectories Program for the IBM 7090 Computer, Technical

Report No. 32-223, Revision No, 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962.
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‘ IDENTIFICATION 34-1 of 2

PRINTD/PRNTD1/CONIC
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

a. PRINTD sets up and prints groups of output quantities whenever certain output control
words are set,

b. PRNTDI sets flags that override the output control words and then goes to PRINTD,
The effect is to force computation and printing of the output quantities.

c. CONIC sets up and prints conic parameters.

RESTRICTIONS

a. It is assumed that the subroutine SPRAY has previously been called.

b. COMMON through COMMON +100 are used for temporary storage.

c. The following subroutines are called: SPRAY, EFFECT, ROT, PRSET, RESET,
TIME1, DAYS, ARTAN, PROD, ARSIN, GETTER, SIN, SPACE, RVOUT, GEDLAT,
ECLIP, GRUPPE, PROUT, UNIT, ARCOS, CROSS, MNA, MNAMDI1, MATRIX,

‘ MARSMM, MARSPC, MARFIX, NUTATE, ERPRT, ABORT, COS, JERYL, CLASS,

SPECL, ADD, TIME3, BCDNO, SQRT, and LN.

d. The following entries are referenced indirectly: HC, CANCLK, CLUCK, GRAYV,
CG, MHA, INJFLG, GROP, CAN50, CASE, INJBCD and INJTYP,

METHOD

Each FLAG at GROPS to GROPS +3 and GROPS +5 to GROPS +6 is examined; if any cell
is zero the corresponding group is not printed. If the cell has the value of two, the
output is in ecliptic coordinates; a value of four gives equatorial coordinates. The
following groups may be printed:

Geocentric

Geocentric Conic

Heliocentric

Target Centered

Target Centered Conic

The conic output quantities are in two groups: those independent of the reference
coordinate system and those dependent on the reference coordinate system. The possible

coordinate systems are earth equatorial, ecliptic, orbit plane of target and target true

‘ equator,
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USE 34-2 of 2

Calling sequences:
a. CALL PRINTD
return
b. CALL PRNTDI
return
c. CLAI
CALL CONIC
return
where I = 0 for geocentric conic
I
I

1]

1 for heliocentric conic

2 for tar etcentric conic

1l

CODING INFORMATION

Length of subroutine is 2714(10) or 5232(8) words.
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IDENTIFICATION

PROUT/FLUSH
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

35-10f 8

To convert to specific output format from 1 to N lines of single or double precision

information, convert the output data on one or several of the following output devices:
a. User Area Printer (SC 3070)
b. Peripheral Output Tape (SYSOU1)

1. 1401 off-line printer or punch

2. SC 4020 off-line microfilm recorder.

RESTRICTIONS

a, Care must be exercised if single and double precision numbers are intermixed

within a repeated

line format, to ensure that the address modifier AL will give the

correct location for data in lines subsequent to the first,

b. Requires the SFOF subroutine OUTUS, an output coordinator of SFOF subroutines

that require disk write operations, OUTUS includes the necessary buffers to be

shared.

c. Requires the SFOF subroutine TAPEIO for off-line output requests,

USE

a. Calling sequence:
CALL
BCI
P
2727

FVE
2727

FVE

PROUT
1, XXXX
FLAG, 1, PROGID

Conversion control pseudo instructions
(see Conversion Parameters below)

CODE, T, 1000A+B

Conversion control psuedo instructions

CODE, T, 1000A+B
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222 35-2 of 8 ‘

As many conversion control groups as desired

FVE CODE, T, 1000A+B
FVE 0, 0, O
where,
XXXX 4 BCD characters of identification (symbols may not start with Z)
P - PZE specifies SC 3070 output with or without peripheral output
= MZE peripheral output only
FLAG, T is the location of the flag word where the status of the request will
be placed
PROGID is the beginning location of 12 BCD characters of program identifi-
cation to be used as part of the SC 3070 page headings; if
PROGID = 0, page headings, page numbers, and page ejects (upon
53-line count) will be omitted. The provision for page headings,

page numbers, and blocked output is the responsibility of the user

program
For User Area Printing (SC 3070),
CODE = 0 indicates user area printing
T = 0 indicates user area printing
A= 0 indicates no post-print control
B =1 indicates 15 line pre-print paper advance
= 10 indicates single space
= 20 indicates double space

For Peripheral Output Tape (1401-Printing or Punching),
CODE is the location of the system tape address or logical tape number for

printing or punching

T = 0 indicates printing
= 7 indicates punching
Aor B= 0 indicates suppress post-print spacing, pre-print spacing,
respectively
= I where 1 < I £ 9, indicates skip to Channel I,

10K indicates K spaces (K < 100)
For Peripheral Output Tape (SC 4020),
CODE is the location of a control word that has the following format:
PZE L(system tape address or logical tape number),
0, Line Count
T =1 indicates SC 4020 printing
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35-3 of 8
AorB = 0 indicates suppress post-print spacing, pre-print spacing,
respectively
= I where 1 < I £ 9, indicates skip to Channel I,

= 10K indicates K spaces (K < 100)
The calling sequence must be terminated by the "end" instructions:
FVE 0, 0,0

b. Conversion parameters:

Function Code
FLOATING TO FIXED SVN L, T, 1000D+PP
FLOATING TO FLOATING SIX L, T, 1000D+PP
FIXED TO FIXED FOR L, T, 1000D+PP
BCD TO HOLLERITH PTH L, T, 1000N+PP
FULL WORD OCTAL PTW L, T, PP
ADDRESS TO OCTAL PTW L, T, 1000+PP
DECREMENT TO OCTAL PTW L, T, 2000+PP
REPEAT LINE FORMAT PTW AL, 0, 3000+K
TTY BINARY CODE PTW L, T, 4000+N
SET BINARY POINT PZE BP, 0, 1
NO-OPERATION PZE 0, 0, ©
REPEAT FIELD FORMAT PZE AL, 0, 1000N+AP
INDIRECT ADDRESS PONL, T, E
END FVE 0, 0, 0

In these pseudo-instructions, PP represents the rightmost print position which will be
used. PP may not exceed 132 for the off-line printer, 128 for the SC 4020, 120 for
the SC 3070, and 72 for the off-line punch and teletypewriter. Characters before
pPrint position 2 will be lost, except for a teletypewriter line. Characters after limit-
ing print position will result in an error indication. If fields should overlap, the

later word will take precedence.

A tag (T) can be used for address modification in any pseudo-instruction except those
with a prefix of FVE or PZE. A tag entry in the FVE code is interpreted as a flag
only. The tag may be any number of the set 0, 1, 2, 3, 5, 6, 7. Index register 4
may not be used for address modification.

c. Parameter specifications:
Floating to Fixed SVN L, T, 1000D+PP

The floating binary word in L, T will be rounded to D decimal places and converted

to fixed decimal. If D is zero, there will be no decimal point. If the absolute value
of the number is greater than 235 . 1, it will be printed in floating decimal as
described below. D must be less than or equal to 8. An error indication occurs when

D > 8 unless n > 23% _ 1 (floating point) or n = integer.
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Floating to Floating SIX L, T, 1000D+PP 35-4 of 8

The floating binary word at L, T will be rounded to D decimal digits and converted to

floating decimal. If D is less than or equal to 8, the number is taken as a single-
precision number, If D is greater than 8 and less than or equal to 16, the number is
considered to be in double-precision, floating-point form: the high-order part in

32

L, T and the low order part in L+l, T. Any number less than 10 % in absolute value

will print as a single-precision zero. D must not be zero.

Fixed to Fixed FOR L, T, 1000D+PP

The fixed-point word used in L, T will be rounded to D decimal places and converted
to fixed decimal. The location of the binary point is set by the last prior pseudo-
instruction "SET BINARY POINT" (see below). If Dis zero, there will be no decimal

point. D must not exceed 8.

BCD to Hollerith PTH L, T, 1000N+PP
The N BCD words starting in L, T will be set for printing such that the last charac-

ter will be in print position PP, N must be in the range permissible for the output

device to be used,

Full Word Logical Octal PTW L, T, PP
The word in L, T will be converted to 12 logical octal digits.

Address in Octal PTW L, T, 1000+PP

The address portion of the word in L, T will be converted to octal.

Decrement in Octal PTW L, T, 2000+PP

The decrement portion of the word in L, T will be converted to octal.

Repeat Line Format PTW AL, 0, 3000+K

The string of data pseudo-instructions immediately following this instruction, defin-
ing a line image and terminating with one or more FVE code instructions, will pro-
duce K lines of output. After each line is formed the address fields of each data
pseudo-instruction will be effectively incremented by AL for the next memory

references.

Teletype Binary Code PTW L, T, 4000+N

The N six-bit characters starting in L, T will be placed on disk without conversion.

This instruction cannot be indirectly addressed. Neither repeat command can be
used in conjunction with this instruction. N must not exceed 999. No FVE code is

used with this instruction since no line image is set up.

Set Binary Point PZE BP, 0, 1
The binary point for the following "FIXED TO FIXED" pseudo-instructions will be
set at BP, Entry to the subroutine automatically performs PZE 35,, 1.

No-Operation PZEO0, 0, O

This instruction is provided to facilitate modifying the calling sequence.
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Repeat Field Format PZE AL, 0, 1000N+AP 35-50f 8
If the immediately preceding effective pseudo-instruction is "SET BINARY POINT"

or either "REPEAT" instruction, error action is taken. Otherwise, the immediately
preceding effective pseudo-instruction will be repeated with L. + n (AL) and

PP + n (AP) forn =1, 2,...,N. Inthe case of indirect addressing, the word
repeated is the effective pseudo-instruction., FVE codes will not be repeated. N

must not be zero.

Indirect Addressing PONL, T, E

The word at L, T will be used at this point in the calling sequence as a pseudo-

instruction. If E is not equal to zero, it will be used as the decrement in place of the

decrement in L, T.

End FVEO, 0, 0

This pseudo-instruction signals the end of the calling sequence, Control is returned

to the user program at the next instruction.

Coding information:

1. The user area printer (SC 3070) output is formatted as follows: a 15 line skip;

a page header containing the 12 BCD characters of program identification begin-
ning at PROGID, the 4 BCD characters of identification, date and page number;
2 blank lines; 50 lines, including spacing, specified by the user program. Each
line image will be formatted, 5 BCD characters per word, with all necessary
control indicators for the 7288 output subchannel.

2. Line images for peripheral output devices will be formed in standard format for
off-line processing.

3. The BCD name specified in the calling sequence identifies a print output file which
is to be placed on the disk. The user area is notified of the availability of the
print output file when the file is closed. The size of the file should be arranged so
that the print output is made available to the user area at frequent intervals, but
not so frequent that the user area would have toc make a request throu
sage composer for every few lines of output; this should be controlled by the fre-
quency of closing the print output file, When the BCD name changes, the previous
output file is closed and made available at the user area. When the user program
has operated its minimum time and OFFSYS initiates a program interchange, all

print output files are closed.

When ENDSYS or FINSYS are called, the print output files are also closed, If it
is desired to close a print output file at a specific time other than those above, it
may be accomplished by giving the following instruction:

CALL ENDOUT

PZE N
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4,

10.

11.

where, 35-6 of 8
N =1 means to close print files
=2 means to close plot files
=3 means to close print and plot files
=4 means to close teletype files
=5 means to close teletype and print files
=6 means to close teletype and plot files
=7 means to close teletype, print, and plot files

Before the subroutine FLUSH (described later) has been called, the completion
flag of the last PROUT request must be checked to ensure that the file remains
open until the output has been completed.

A page eject occurs and a new heading is printed (unless PROGID = 0) when any
one of the following occurs:

(a) Change of data name.

(b) Change of ID heading (page numbers are not reset).

(c) Calling ENDOUT.

When an MZE prefix, denoting off-line output only, is used, FVE codes specifying
3070 output cannot be contained in the calling sequence.

All off-line output is to be labeled. The label will consist of the 4-character user
program name,

In MODE IV all PROUT 3070 output will be printed on the on-line printer under
sense switch control:

SSW No. 6 UP = no 3070 output

DOWN = 3070 output printed on the on-line printer

. User areas for which PROUT output is intended are not specified in the PROUT

calling sequence, When data has been placed on disk, a message is sent to the
appropriate used area(s) that this specific type of data is available. The user
area can request the data when it is desirable, User areas receive only those
data availability messages they designate at 7094 initialization,

All peripheral output processed by PROUT will be placed on the same output tape
(SYSOU1). The BCD data name normally designated in the PROUT calling
sequence is ignored.

FGDOUT option: Three types of floating to floating output are available in PROUT
depending upon the contents of location FGDOUT:

(a) c(FGDOUT)

0 indicates no leading +, and no + in the exponent field,

1 indicates leading +, and + in the exponent field,

i

>1 indicates leading +, and E+ in the exponent field.
(b) c(FGDOUT) is initially >1,
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e. Suggestions for output efficiency: 35-7 0f 8

1.
2.
3.

Use buffering techniques wherever possible,

Organize and group output so that the number of output requests is minimized.
Organize output formats to print full lines or as full as possible under format
requirements.

Arrange user program to continue computations during output processing if it
becomes necessary to wait for a free output buffer within OUTUS,

Care should be taken not to modify a calling sequence or loop through a calling
sequence until the flag word has been tested to determine the status of the previous

request.

f. Operational description:

The type of request is determined and processed in one of the following ways:

1.

W

User Area Printer Request

The request is queued, and control is given to an output coordinating routine
(OUTUS) which coordinates printing, plotting, and teletype requests, and their
usage of output buffers, the calling of conversion routines, and making the neces-
sary disk write requests. When OUTUS obtains a print (or plot or teletype)
request from the queue, if an output buffer is available, OUTUS calls the proper
conversion routine, and the converted output is placed in the output buffer, When
the buffer is filled, or the data completed, a disk write request is then made by
OUTUS to the disk control program (DCP), and control is returned to the user
program. When the data has been written on disk, an interrupt occurs and control
is routed to OUTUS to continue output of the request or initiate a new request,
Then control is returned to the point of interruption. In this way, the print output
(or plot output or teletype output) to be converted and placed on disk can be pro-
cessed to make optimum usage of buffers and efficient requests of disk write
operations. During the operation, if a buffer is filled or the queue is emptied or
OUTUS has processed output requests as far as possible, control is returned to
the user program.

IBM 1401 Off-Line Printer or Punch Request

The proper conversion routine is initiated and output is written on the 1401 output
tape. The tape operation will be asynchronous under the supervision of IOEX,
When the request has been initiated, control is returned to the user program.

SC 4020 Off-l.ine Microfilm Recorder Request

The proper conversion routine is initiated and output is written on the 4020 output
tape. The tape operation will be asynchronous under the supervision of IOEX,
When the request has been initiated, control is returned to the user program.

In each option listed above, the results of the output request can be found in the

flag word specified by the calling sequence.
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g. Output: 35-8 of 8
1. Output Data:

(a) 1401 - Print:
Print lines may contain up to 132 characters,

(b) 1401 - Punch:
Card images may contain up to 72 characters,

(c) SC 4020:
Line images may contain up to 128 characters.

(d) SC 3070:

An integral number of lines of up to 120 characters each will be packed in each
128 word disk output buffer. The printed output is then available to the actual
printer in the user area upon request.

2. Flags:

(a) Upon entry, PROUT sets the user program flag word to zero. The user pro-
gram can determine if the request has been completed by testing the flag word
for zero or non-zero.

(b) Upon completion of the request, the user program flag word is set with the
results of the output operation as follows:

(1) Sign Bit = 0: No unusual conditions occurred.
= 1: At least one unusual condition occurred. The address will

indicate the condition.

Bit 32 = 1: A pseudo-instruction specifies too many (>132) characters
for one line of output.

Bit 31 = 1: There is an error in the repeat data pseudo-instruction,

Bit 30 = 1: The binary point exceeds bit position 35.

(2) Decrement = l: Processing has been successfully completed.
(3) When the address contains a flag bit; the decrement will contain the comple-
ment of the address of the pseudo-instruction in question.
3. The Entry Point FLUSH:

PROUT, being a buffered output routine, must have some means of emptying its

buffer when desired, even though it may be only partially filled. For this purpose
an entry to PROUT has been provided whose calling sequence is simply

CALL FLUSH

return
If the buffer in use by PROUT is empty, return is immediate to the next sequential
instruction. If there are any words waiting to be written, the buffer is emptied.

At the completion of the I/O, return is made to the location after the call.

CODING INFORMATION

Length of subroutine is 1484(10) or 2714(8) words
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‘ IDENTIFICATION 36-10f3

ROTEQ/DELTJD

JPL Staff

IBM 7094 Fap

December 2, 1964 .

PURPOSE

To rotate mean Earth equator and equinox of-date coordinates to mean Earth equator and

equinox of 1950, 0 and vice versa.

RESTRICTIONS

a. The matrix is stored in the COMMON locations AA through AA+8,

b. The subroutine uses COMMON through COMMON+2.

c. The option of recomputing the matrix only if time has changed by at least 1/64 day is
controlled by the contents of the external quantity MNAET. Nominally MNAET is
zero which turns off the 1/64 day test which forces a recomputation of the matrix.

d. An entry has been provided for access to DELTJD, the difference between the J.D.
of 1950.0 and the J.D. of 0 hr January 1, 1950, in days.

‘ METHOD

The general precession of the Earth's equator and the consequent retrograde motion of

the equinox on the ecliptic may be represented by the rotation matrix:

X' a a a X

Al a a a Z

where X, Y, and Z are expressed in the mean equator and equinox of 1950.0 and X', Y',
Z' are the coordinates in the mean equator and equinox of date, The geometry of the pre-
cession has been represented by the three small parameters ;0, z, and 6 in the following
sketch,

ECLIPTIC OF
19500

ECLg’TIC OF DATE

N “-MEAN EQUATOR
- OF 1950

MEAN EQUATOR
OF DATE

161



JPL TECHNICAL MEMORANDUM NO. 33-198

36-2 of 3
where T1950.0 is the mean equinox of 1950. 0; ;1950. 0 is the mean obliquity of 1950.0;
T hean is the mean equinox of date; € is the mean obliquity of date. Measured in the mean
equator of 1950. 0 from the mean equinox of 1950.0, 90 deg - &, is the right ascension of
the ascending node of the mean equator of date on the mean equator of 1950.0. 90 deg + z
is the right ascension of the node measured in the mean equator of date from the mean equi-

nox of date. © is the inclination of the mean equator of date to the mean equator of 1950.0.

In terms of {,, z, and 6, (a..) is given by
0 ij

ayp = -singo sinz + cos LO cosz cos©
a,, = -cos LO sinz - singo cos z cos 6
a,3 = -cosz sin 6

a = sin go cosz + cos go sinz cos 0
a,, = cos §0 cos z - sinf,o sinz cos 6
ay3 = -sinz sin®

aj, = cos l_,o sin©

az, = -singo sin ©

Ay = cos ©

Lo = 2304U997T + 01'302T% + 00179T>

z = 2304U997T + 11093T° + 010192T>
® = 2004V298T - O'.'426T2 - 070416T>
with T the number of Julian centuries of 36, 525 days past the epoch 1950. 0.
The actual computational form of (O'ij) is obtained by expanding the aij in power series in

Z_,O, z, 0 and replacing the arguments by the above time series. The results are

aj, =1 - 0.00029697T% - 0.00000013T>

aj, = -a,, = -0.02234988T - 0.00000676T + 0.00000221T">
a5 = -0, = -0.00971711T + 0.00000207T% + 0.00000096T>
a,, = 1 - 0.00024976T% - 0,00000015T>

0,5 = a3, = -0.00010859T° - 0.00000003T>

ayy = 1 - 0.00004721T% + 0.00000002T>
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‘ USE 36-3 of 3

Calling sequence:

Enter with days past 0 hr January 1, 1950 E. T. in the AC-MQ,
CALL ROTEQ
PFX X,,Y

return

where
X-3,X-2,X-1 contain the input vector.
Y-3,Y-2, Y-1 contain the output vector.

PFX =PZE assumes mean 1950, 0 input and rotates to mean of-date.
PFX

MZE assumes mean of-date input and rotates to mean 1950. 0.

X = Y is permitted.

CODING INFORMATION

Length of subroutine is 107(10) or 153(8) words.

REFERENCE

Holdridge, D.B., Space Trajectories Program for the IBM 7090 Computer, Technical

‘ Report No, 32-223, Revision No. 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962,

163



JPL TECHNICAL MEMORANDUM NO. 33-198

37-1 of 3

IDENTIFICATION

RVIN/RVOUT
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

a. RVIN transforms a set of input spherical coordinates R, ®, ®, V, I I, to a set of

cartesian coordinates X, Y, Z, X, Y, Z.
b. RVOUT transforms a set of input cartesian coordinates X, Y, Z, X, Y, Z, to a set of

spherical coordinates R, &, 0, V, I, =.

RESTRICTIONS
a. Subroutines called are SIN, COS, MATRIX, PROD, ARTAN, UNIT, and ARSIN.
b. All angles are assumed to be in degrees.

METHOD

a. RVIN computes the cartesian components of the vector R by

R cos® cos®
Y J=]1 Rcos®d sine

Z Rsin®
where @ is the longitude measured clockwise in the X - Y plane from the X-axis and
® is the latitude measured positive above the X - Y plane. The quantities I, the

path angle, and Z, the azimuth angle determine the orientation of the velocity vector

with respect to the plane of the local horizontal, that is, perpendicular to the Rvector.

V is expressed in the local horizontal system as

V sin T

VcosT sin X

VcosT cos =
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‘ and finally the results in the original system are 37-2 of 3
. 4 et
X! cos @ -s5in® 0 cos ¢ 0 -sin® X
v Y |- sin @ cos ® 0 0 1 0 Y
z 0 0 1 sin ® 0 cos®d VA

b. RVOUT performs the computations which follow:

X2+ Y+ 2°

R =
& - in Z < < 90 de
= arcsin &, - 90 deg £ & g
o = Y < 360 d
= arctan X 0deg < ¢ £ eg

which gives R, the magnitude of R, the latitude ® and longitude ©®. The cartesian

velocity components (}‘(, Y.', Z) are rotated to the local horizontal system where the

g ey
‘ components are called (X, Y', Z') by
X cos ¢ 0 s‘n @ cos @ sin @ 0 X
Y' = 0 1 0 -sin @ cos © 0 Y
ot . .
Z - sin ® 0 cos @ 0 0 1 Z
the spherical set may then be ohtained as follows:

I' = arcsin %(-, -90 deg < F < 90 deg

4
i

arctan XZ 0 deg < = < 360 deg
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USE 37-3 of 3 .

Calling sequences:

a. Spherical to cartesian:

CALL RVIN

PZE s A

PZE ,, B

PZE ,,C
where A,---, A + 5 contain the input R, ®, 0, V, I, Z; the output variables X, Y, Z
are placedin B, B + 1, B + 2 and X, Y, Z are placed in C, C + 1, C + 2.
b. Cartesian to spherical:

CALL RVOUT

PZE 1,,A

PZE 1,,B

3 PZE 1,,C

where A, A + 1, A + 2 contain the input X, Y, Z and B, B + 1, B + 2 contain the input
5(, Y", Z. The output variables R, & @0, V, I, = are placed in C,--., C + 5.

CODING INFORMATION

Length of subroutine is 200(10) or 310(8) words.

REFERENCE

Holdridge, D. B., Space Trajectories Program for the IBM 7090 computer, Technical

Report No. 32-223, Revision No. 1, Jet Propulsion Laboratory, Pasadena, California,
September 1, 1962.
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IDENTIFICATION

SEITE/CASE/EJECT/EJECT1/LINES/PAGBCD
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To eject the page, set up and print the first three lines (heading) of each page.

RESTRICTIONS

a. Subroutine PROUT is called. DATCEL is referenced indirectly and contains the
BCD date of loading of the program.
b. Entries are provided for locations CASE, EJECT, EJECTI1, LINES and PAGBCD
where
C(CASE) = case number
C(EJECT) = page count
C(EJECTI1) = line count
C(LINES) = 63: number of lines to be put on a page
C(PAGBCD through PAGBCD+39) = page heading.

’

METHOD

a. The page number, N, is incremented by 1.

b. The case number, C, is computed.
c. A page eject is given.
d. "Case C IBSYS-JPTRAJ-SPACE C(DATCEL) N" is printed.
e. The 40 BCD words at PAGBCD are printed on two lines.
f. The line count is set to 3.
USE

Calling sequence:
CALL  SEITE

return

CODING INFORMATION

Length of subroutine is 82(10) or 122(8) words
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IDENTIFICATION

SPRAY

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE
To decode the input quantity GROP into twelve flags and to store the flags into GROPS to
GROPS +11 before and after transformation by EFFECT.

RESTRICTIONS

a. It is assumed that parameter GROP contains 12 octal group output option flags,
each octal digit being a flag.
b. GROPS to GROPS +11, in COMMON, are used. GROP is referenced indirectly.

METHOD
Each of the twelve octal digits in GROP is placed in bits 33 - 35 in an otherwise zero

accumulator. These twelve words are stored sequentially into GROPS to GROPS +11.

USE

Calling sequence:
CALL  SPRAY

return

CODING INFORMATION

Length of subroutine is 10(10) or 12(8) words.
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IDENTIFICATION 40

SQRT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To compute\/ x for a normalized floating point, single precision x.

RESTRICTIONS

a. An error return will occur if the argument is negative, in which case the accumulator

will contain y/|x| .

b. Uses COMMON to COMMON +3.

METHOD

The Newton Raphson method is used to compute the square root of x where

0<x < 2128

Accuracy: The result is accurate to 8 decimal digits.

USE

Enter with the argument in the accumulator. Exit with the result in the accumulator.
Calling sequence:

CLA X

CALL SQRT

error return

normal return

CODING INFORMATION

Length of subroutine is 41(10) or 51(8) words.
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IDENTIFICATION 41-1 of 2

TIME1/TIME2/TIME3/LAUNCH
JPL Staff

IBM 7094 Fap

December 2, 1964

PURPOSE

To compute and print the calendar date, the Julian date and the trajectory time, given

the double precision seconds past 01-1 January 1, 1950.

RESTRICTIONS

a. DAYS, FIXT, ADD, FIX, FLOAT, GRUPPE and PROUT are called.
b. OPRFLG, EQUNX1l, TARBCD and INJEQX are used.

c. A double precision number is assumed to be two floating point words.
The entry LAUNCH is provided to allow access to the launch epoch if it is input.
METHOD

a. Subroutine DAYS is used to obtain the integral days and residual seconds past Oh
January 1, 1950. The Julian date (JD) is then computed as a one word floating
point integer and a one word floating point fraction using the following relations:

integral JD = integral days from 0h January 1, 1950, to date
+2433282, the Julian date of th January 0, 1950 +I
fractional JD = residual days -0.5 + (1-I)
0 if residual days < 0.5
1 if residual days = 0.5

where I

b. The calendar date is computed by calling subroutine FIXT.
c. Thetrajectory time is computed using the following relation:

trajectory time = current epoch minus injection epoch.

USE

Enter with the time in double precision seconds past ot January 1, 1950,
in the AC and MQ.
The three entries provide for three output formats as follows:
TIMEl: X DAYS X HRS. X MIN. X.XXX SEC., C(EQUNX1), Octal sec past 50,
JD, calendar date
TIME2: INJECTION CONDITIONS, C(INJEQX), C(TARBCD),
Octal sec past 50, JD, calendar date

170




JPL TECHNICAL MEMORANDUM NO. 33-198

41-2 of 2
TIME3: EPOCH OF PERICENTER PASSAGE, Octal sec past 50,

JD, calendar date
Calling sequence:
CLA L(SECONDS A)
LDQ L(SECONDS B)
CALL TIMEI] (or TIME2 or TIME3)

return

CODING INFORMATION

Length of subroutine is 238(10) or 356(8) words,
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IDENTIFICATION 42.1

TRAJ

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To provide the control and closed subroutines needed to drive the subroutine MARK.

RESTRICTIONS

Since TRAJ is the driver subroutine for SPACE, numerous entries and transfer vectors

are used for communication and control.

METHOD

TRAJ performs the following tasks:

a.
b.

C.

USE

Initializes triggers on the basis of input parameters.

Converts BCD input to integers via subroutine BCDNO.

Converts sexagesimal input to seconds past 0 hr January 1, 1950 via subroutines
FLOT or FLOTT.

Rotates the injection conditions to the 1950. 0 coordinate system by calling subroutine
INTRAN.

Initializes the n-body ephemerides by calling EPHSET and INTRI.

Sets control flags and branches on the basis of input parameters.

Obtains the proper set of phase parameters and initializes triggers on the basis of
those parameters.

Calls MARK.

Supplies MARK with derivative, end-of-step, step-size controlandtrigger subroutines
as required.

Terminates a phase (and repeats starting at g above) or terminates the run and

returns to JPTRAJ via JEXIT or ABORT.

Calling sequence:

CALL TRAJ

return

CODING INFORMATION

Length of subroutine is 2676(10) or 5164(8) words.
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IDENTIFICATION 42.2

FLOTT

JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To convert a sexagesimal date or an interval past the initial epoch, to seconds past 0 hr
January 1, 1950.

RESTRICTIONS

a. FLOTT is a subset of the driver, TRAJ.
b. Subroutine FLOT is called to make the time conversion.
c. T(0) in COMMON is used.

METHOD

Subroutine FLOT is called to get the time in seconds past 0 hr January 1, 1950. However,
if this number is less than 1 x 108 then the assumption is made that the input time was a
time interval past the initial epoch. In this case the input interval, converted to seconds,

is added to T(0), the initial epoch.

USE

Calling sequence:
CALL FLOTT
PPP A,N,B
where
A, N and A+l, N contain the input time
B, PPP and B+1, PPP contain the output seconds past 0 hr January 1, 1950
and PPP is the FAP code for 0, 1,...,7 designating the index register to use to locate

the output storage cell.

CODING INFORMATION

Length of subroutine (includes FLOTT as a subset) is 2676(10) or 5164(8) words.
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IDENTIFICATION 43-1 of 4

VARY/SVARY
JPL Staff

IBM 7094 Fap
December 2, 1964

PURPOSE

To calculate the partial derivatives, 8R/9u., where

;ujgzix Yo, 2 X Y Zof

RESTRICTIONS

The execution entry VARY must be preceded by a call to the setup entry SVARY,
The COMMON location CENTER is referenced and must contain the number
corresponding to the current central body.

c. COMMON through COMMON+29 are used.

METHOD

The 3R /811j may be expressed in the form:

R
du,

aR
au.
J

D

= (A + B)

w

where the matrix A arises from the central body term and the n-body perturbation. B
approximates the effect of the Earth's oblateness and is not used if R > 3a

Earth is not the center,

o °F if the

The form of A is obtained by differentiating R with respect to u; and exchanging the order
of differentiation where:

n I—{ -
= R k
SRR Vi I
k=1 kp k
k2 n
- R 1 38R 3 (= R \=
du. - ~ 2 pk R3 du, RS <Rkp' 8u.>Rkp
J k=0 kp 7 kp J
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. 43-2 of 4
‘ with py = p and EOp = R. Expanding the dot products, the computational form of
A results:

n 2
3X
_ . 1 kp
A= - 2, wk PR
k=0 kp kp
n
X
_ - kp kp
App = By =3 Z k RO
k=0 kp
| n
‘ X
| _ _ kp  kp
Ajy = Ay =3 D0 uk =5
k=0 kp
n 2
3Y
_ 1 kp
Bop = - Z uk RS - RO
k=0 kp kp
o .
_ _ kp kp
Bz = Ay =3 Z k RO
k=0 kp
n 2
3Z
- 1 kp
Ajy= - D, Bk -
k=0 kp kp

To obtain an approximate expression for the oblateness contribution B, choose the

perturbation which retains just the second harmonic term:

(0,5 o L o, 2
BIR 81 R B2 R

where
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43-3 of 4

At this point a further approximation is made in that the coordinates are regarded as being

expressed in the reference system, the mean equator and equinox of 1950.0,

Forming the partial derivatives:

o = B X Jaz 2
X 3 = = R
B E(E-Ln B e gz oy 202 ) o
J i R R™ R J R J
- = oY 742 2 "
s R (d3 ) e e din 2 Loy 108 e oK
J j R J R™ R j R j
= = Kz Jaz 2 =
2o b33 m ) Cehia g2 oy 108 oE
j j R J R™ R j R j

where aﬁ/auj represents the contribution arising from the oblateness only. The final form ‘

of B is obtained by the expansion of the dot products:

2
B =g X(1o3X),, xX%e (| 102
11 - &1R\X 2 Po T3 7 Z

R R™ R R

Jaz A

B, =g X (- 2L) g XY @1_1OZ>
12 1R R @R3 R4 2

X
Bis = &R <7> T g3 2

Ja2 2
B.. = o X [3X\,, XY fe/( _loz
21 T &BiR 2 MoT3 7 T RE

2
B o Y (1 3v\, , ¥*Te( 102’
22 7 B1IR\Y "2 bfo—3 —7F \" T .2
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23

31

32

The vector (gIX/R, g, Y

of B which do not contai

USE

Calling sequences:

a. Setup entry:
‘ CALL SVARY, A
where
A-3, A-2, A-1
B-3n, ..., B-1
C
D-n, -+, D-1
E
Fen, --.., F-1
G-3, G-2, G-1
H's decrement
I
J
K-9, «--, K-1
b. Execution entry:

CALL VARY

return

CODING INFORMATION

Length of subroutine is

43-4 of 4

JaZ 2
g 23X +2H£%9<3_loz>
2R\ g2 ® 3 24 R2

Ja,‘2 2
gz, ,, vz @<3-10Z>
2R\ ;2 033 R4 y:

2 Jal 2
gg(i_£+zpz ‘o 8_1oz>
2R\Z ™2 @ 3 ;4 i

/R, gZZ/R) is assumed to be calculated externally while the parts

n g, or g, are replaced by zero whenever R > 3a@.

, B, C, D, E F, G H I J, K

contain the position of the probe with respect to the central body.
_1, T

contain the (n-body)-probe position vectors, R
contains the magnitude of the central body-probe vector.

DI
b

contain the magnitudes of the (n-body)-probe position vectors.
contains the p of the central body,

contain the |J.j of the non-central bodies. A zero M, causes no
computation to be made for body j.

contain the input oblateness perturbation.

contains n, the maximum number of perturbing bodies.

is not used.

is not used.

contain the output matrix A + B.

229(10) or 345(8) words.
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IDENTIFICATION 44-1 of 2

WRITE1l/WRITEN/WRITEC/COD
Peter S. Fisher, JPL

IBM 7094 Fap

December 2, 1964

PURPOSE

To write a spacecraft ephemeris tape for use by a processor.

RESTRICTIONS

a. TAPIO and PRQUT are used for input-output.
b. The RUNID on each S/C ephemeris must be in ascending order according to BCD code.
c. Entry COD is provided to locate the I/0O list for the data record.

METHOD

WRITE] writes the ID record.
WRITEN writes the data record. This record has two formats depending on whether
or not the variational equations are being integrated.

c. WRITEC writes the last record on the S/C ephemeris tape along with two dummy ID
records with (RUNID) = 777777777777 (8) to facilitate finding the requested RUNID in
READ1. The tape is then back-spaced two records so that-another S/C ephemerides

can be written.
On each data record there is a code word with flags indicating what conditions are in
effect in the trajectory.
The flags are as follows:

BIT 35 0 = no discontinuity this record
1 = discontinuity this record

no phase change this record

BIT 34 0 =
1 = phase change this record

If BIT 34 =1 the next 4 bits contain information

BIT 33 0 = no radius stop
1 = radius stop

BIT 32 0 =noR =0 stop
1 = R=0 stop
BIT 31 0 = no time stop
1 = time stop
BIT 30 0 = no dependent variable stop
1 = dependent variable stop
BIT 29 0 = no burn in progress
1 = burn in progress
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| . BIT 28 0
1

BIT 27 0
1
BIT 26 0
1
BIT 25 0

= probe out of shadow
= probe in shadow (checked only if PASH# 0 or RADOPT # 0)

gas jets off
gas jets on

= normal
= job has been aborted

= probe has not impacted target
= probe has impacted target

BITS 2-24 Not in use

BIT 1 0
1

SIGN BIT 0
1

USE

= this is a data record
= this is an ID record

this is not the last record of S/C ephemeris
this is the last record

Calling sequences:
CALL  WRITEl CALL  WRITEN CALL WRITEC

return

return return

CODING INFORMATION

' Length of subroutine is 235(10) or 353(8) words.
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IDENTIFICATION 45

WOLF/TIM/MACH
Peter S. Fisher, JPL
IBM 7094 Fap
December 2, 1964

PURPOSE

To print an explanatory comment at injection and at each phase change.

RESTRICTIONS

a. Subroutines PRSET, TIMEl, PROUT, GRUPPE and TIME are called.

b. OPRFLG is set non-zero to signify that if on-line print has been requested then the
line generated by this subroutine is also to be printed on-line, KERN] is referenced
to obtain the BCD name of the central body for integration,

c. Entries TIM and MACH have been provided to allow access to the time of day and
computer I.D, character.

d. It is assumed that the date has been provided by the system at SYSDAT, octal location
1ol.

METHOD

A test is made to see if the current epoch, T, is injection epoch. If so, then subroutine
TIME is called to obtain the time of day and computer I.D. character. Then the following
comments are printed on one line:
DATE OF RUN MMDDYYC TTTRRS BBBBBB IS THE CENTRAL BODY FOR
INTEGRATION COWELL EQUATIONS OF MOTION
Where MM is the month, DD is the day, YY is the year, C is the computer I, D. character,
TTT is the hour of day, RR is minutes, and S is the tens of seconds. BBBBBB is the

name of the body currently used as the central body for integration.

If the current epoch is not injection epoch then TIMEI] is called to print the time line and
then the following comments are printed on one line:
CHANGE OF PHASE OCCURS AT THIS POINT BBBBBB IS THE CENTRAL BODY
FOR INTEGRATION COWELL EQUATIONS OF MOTION
Where BBBBBB is the name of the body currently used as the central body for integration.

USE

Calling sequence: CALL  WOLF
return

CODING INFORMATION

Length of subroutine is 81 (10) or 121 (8) words.

180




JPL TECHNICAL MEMORANDUM NO. 33-198

VII. CHECK CASES

Four check cases have been used for several years by JPL trajectory
engineers to confirm that the version of the trajectory program being released
for use is computationally correct. In addition, other trajectories are run

which check the options not used by the four standard cases.
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$J0E  RJWs10820CC, 542-10401-1-31204FC 124451 A 62/26765 sssessacernsanenss

- JPTRAY
. CATA

SCURCE PRCGRAM LISTING 2/26/65 PAGE 1

* SPACE 1
PAGBCL={EARTF-MUCN FINE PRINT CHECK 1)
TARBCC=(MCCN) INJBCD ={EARTH)
FAZFLG=1 [NJTYP=C INJEQX={1950.0)
INJT=6301C1318,4201297
INUX=2155€3C3632C/B4214523646526/8,612554325025/8
INJDX=603416475431/8,204420666560/8,603534774303/8
MOCPF1411=2,C+0,30C0C00+20C,0y4,0,4C0,04+40C,»0
MOCPH1+27=11CCO00C0OCCCC/B
MOCPH1+38=101000CC00CC/8
MOCPH2¢11=4CC,0,0,30C0000

MOOPH2+38=1C11/8
MOGPH2+38=1111/8
MCOPH2427=1111011CC0CGC/8

cRoOCONPANPECONAo

- SPACE J

PAGBLD={EARTH-VENUS, RADIATION PRES. UN)
PAGBCC+8=2( CHECK 2 }

INJBCD={ EARTH] TARBCD={VENUS) INJTYP=0
INJT=6209C050C,2332000
INJIX=62553503C67€/8,625730425255/8,621606475633/8
INJDX=601700261755/8,6C2465443457/8,575673744666/8
INJECX=¢1950.C)
RADOPT=.1G2E9,CsCy3.683,.383,198.22
VENPH1+11=400C,C, 1000,C,2C000,0,20000,0
VENPK1+2721524CCC0O000C/8 VENPH1+3£=100001000000/8
VENPH2+025, {VENLS },2.5E6, {VENUS}),0
VENPH2+11=600C,C,10CC,C,2C000,0,20C00,0
VENPHR2+2 524C0CC000C/B  VENPH2+38=100001000000/8
VENPH3+ | 00CC,Cv20C,C
VENPH3427=1524C22000CC/8 VENPH3+38=100001000100/78

SPACE K
PAGBCE = EARTH - WMARS CHECK 3 )
TARBCC=(MARS) INJBCC=(EARTH) FAZFLG =1 INJTYP=0
INJT=235617237016/8,2C26054C00C0/4 $ 641101116,3923043
INJX=215522623366/8,213675042633/8,6146301273C6/8
INJDX=602532206172/8,204542657366/8,2006243C03772/8
INJECX={19%C.0)
MARPF1427+11C00CCCCOCC/8  MARPH1I+38=101000000000/8
MARPH2+27=C0210CCCC000/8 MARPH2+38=011000C0/8
MARPHI+27=10200210CCCC/8 MARPH3+38=0100/8
MARPH3I+27=10200210C00C/8 MARPH3+38=101L/8

SPACE L

PAGBCC={EARTH-FCCN)

PAGBCD¢7={CHELK &)

TARBCC={MCON} (NJBCD={EARTH) {NJTYP=O
INJT=6308C0617,C4557C T
INIX=615576114C¢1/B,614444T67212/8,¢1242065117178
INJDX=202703617723/846044315375C1/8,603535320551/8
INJEQX={1950.C)

MCOPH1+42T7=11100Q0CC0C00/8 MOCPH1+38=103000000000/8
POOPH2427=151CC1100CC0O/8 MOOPH2+38=100000001031/8
PARPH2+4=2347116C70CC/8
PARPHI+2=214864921C00CC/E

SCURCE PRCGRAM LISTING 2/26765 PAGE 2

END
THERE WERE NC GLARING SOURCE DECK ERRCRS.

THE OBJECT STRING HAS 00367 OCTAL OR 247 DECIMAL WCRCS.
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JPL TECHNICAL MEMORANDUM NO. 33-198

A, Check case 1 is an Earth-Moon trajectory with a fine print. The spacecraft
injects near the Earth on January 13, 1963 and impacts the Moon after a 66, 08-
hour flight time.
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JPL TECHNICAL MEMORANDUM NO. 33-198
START TRAJECTCRY (SPACE) 12451 A
CASE 1 IBSYS-JPTRAJ-SPACE 022665 1
EARTH-FMOCN FINE PRINT CHECK 1
DOUBLE PRECISICN EPHEMERIS TAPE - EPHEML
GME  .39860063 C6 J <16234500-02 H —+57499999-05 D .78749999-05 KE .63781650 04 REM .63783112 04
G .66709998-19 A .88781796 29 B .88800194 29 C  .88836976 29 OME .41780741-02 AU .14959850 09
GMM  .49026293 04  GMS 13271411 12 GMV 32676627 06  GMA  .42977367 05 GMC 37918700 O8  GMJ .12670935 09
EGM .3986C320 06  MGM  .49027779 G4 JA  «29200000-02 HA  .C0000000 00 0A  .00000000 00 RA  .34170000 04
INJECTION CONDITIONS  195C.C MCON 235610215276202246010000 J.D.= 2438043.27918167 JAN. 13,1963 18 42 01.297
GEOCENTRIC X0 .59369501 04 YO .27186042 04 20-.72883219 03 DX0-.42284408 Ol DYO .85267773 Ol DZ0-.54530145 01
CARTESIAN TO .67321297 05 GHA .33026725 02 GHO .11175336 03
DATE CF RUN 022665A 12454 EARTH IS THE CENTRAL BCOY FOR INTEGRAVIGCN  COWELL EQUATIONS OF MOTION
O CAYS O HRS. O FIN. 0.00C SEC. 235610215276202246010000 J.D.> 2438043.27918167 JAN. 13,1963 18 42 01.297
GECCENTRIC EQUATURIAL COORDINATES
X 59300736 04 Y .27355045 04 21 -.72154210 03 OX -.42459721 01 DY .85145659 Ol B2 -.54584696 01
R 65703410 04 DEC -.63048288 0L KA 2264763570 02 V. .10969093 02 PTH 416309296 01 AZ  .119B4846 03
R .65703408 04 LAT -.¢3048288 Cl LCN  .35173684 03 VE .10558881 02 PTE  .16943087 U1 AlE 412113527 U3
XS .57180881 08 YS -.12437799 €9 1S -.53932928 08 DXS .27928580 02 UYS  .10710362 02 DIS 40452518 01
XM -.386756323 06 YM  L12677916 06 M . 79800081 05 DXM -.40581204 00 DYM ~.85550278 00 UZM —.29049915 0U
XT -.36756323 06 YT .12677916 06 2T .79800041 05 bXT -.40581204 00 DYT -.8Y5502/8 00 ULT =.29049915 00
RS .14713360 09 ¥vS  .302703718 02 RM 39691779 06 VM .99043331 00 KT .39691779 06 VT .93043331 OU
GED -.63474453 01 ALT  .192395C2 03 LOS 26166316 03 RAS .29468988 03 RAM 16096976 03 LOM  .12794304 0>
DUt .35000000 02 bT  .75000000 01 DR 31219417 00 SHA -.65653256 04 DES -.21503466 02 OEM 11598331 0¢
CCL  .10757921 03 MCL  .19058408 03 TCL 419058408 03
GEOCENTRIC CONIC
€POCH OF PERICENTER PASSAGE 235610215265202567020260 J.D.= 2438043.27678392 JAN. 13,1963 18 4l 26.931
SMA  .39375140 06  ECC .98332711 00 B 471601938 05 SLR .13020490 05 AP0 .780937281 06 RCA 65649734 04
VH  .92249958-01 €3 -.10123155 Ci Cl .72041484 05 TFP  ,34366084 02 TF -.95461342-02 PER .4G981966 LY
TA .32895214 G1  MTA .1BO0CCCO 03 A 430168731 00 MA  .50313959-02 C3J -.12654839 01  ¥F[ .0U000000 00
ALL VECTORS REFERENCED YO EARTH EQUATOR PLANE
X .59300736 04 Y .27355045 C4 Z -.72154210 03 DX ~.42459721 01 LY .85145659 01 02 -.54584696 Ol
INC  .30446938 02 LAN .19392943 03  APF .18922662 03 41294010 00 MY 76469263 00 MZ -.49469753 00
WX -.12198597 00 WY .49183847 0O nl .86209881 00 PX .92475982 00 PY 37177615 00 PZ -.81250653-01
QX -.36046997 00 QY .78732290 CO Q2 -.50018393 00 RX -.75386593-01 RY ~.30307261-01 RZ -.99669364 0U
BX .36046999 00 BY -.78732294 00 #I .50018395 00 TX  .37300945 00 TY -.92782754 00 TZ  .00000000 0U
DAP -.46604583 01  RAP ,21901339 C2
BIC .61932714 05  BRE -.35932944 05 8 .71601938 05 THA .32987798 03 T VFCTCR IV EARTH EQUATOR PLANE
ALL VECTURS REFERENCED TO URBIT PLANE OF IARGET
X -.9786C076 03 Y ~.£3914189 C4 Z -.11668206 C4 DX .70016068 01 DY .14831276 00 DI -.84425398 01
INC  .51745311 02 LAN .73114849 €2  APF  .18978106 03 ¥X  .64280273 00 MY  .41223896-01L M2 -.76492172 00
WX 75141259 00 WY ~.22808386 00 wl .61915820 00 PX -.18558175 00 PY -.97353L06 00 PZ —.13340412 00
QX .63319705 00 QY -.14662935-C1 QG2 -.77385168 00 RX  .24980654-01 RY .13104436 00 RZ ~.99106171 0C
BX ~-.63319707 00 BY .14662936-Cl 8 .717385171 00 Tx -.98231125 00 TY .18725550 00 TZ  .00000000 OU
DAP -.76663494 01  RAP .25920733 C3
BTO .44731612 05 BRO -.55907575 05 B .71600099 05 THA .30866328 03 T VECTCR [N ORBIT PLANE OF TARGET
O CAYS O HRS. 30 MIN. 0.000 SEC. 23561021620020224601000C J.0.= 2438043.30001501 JAN. 13,1963 19 12 01.297
CASE 1 1BSYS-JPTRAJ-SPACE 0226¢5 2

EARTH-FOCN FINE PRINT CHECK 1

GECCENTRIC

X -.64378004 04 ¥ 10748353 05
R .14369581 05 DEC -.29319621 02
R .14369581 05 LAT -.29319621 C2
XS 457231149 08 ¥S -.12435870 C9
36828984 06 YM .12523797 06
.36828984 06 YT .12523797 06
RS  .14713378 09 VS .30270383 C2
GED -.29486055 02 ALT  .79965527 04
DUYT  .35000000 02 DT .59999999 02
CCL  .19B64886 03 MCL .27964880 03
EPOCH CF PERICENTER PASSAGE
SMA  .37239032 06 ECC .98236781 CO
VH  ,97573257-01 €3 ~.10703840 C1
TA .95501059 02 MTA .1800C000 C3
X —.64378004 04 Y .10748353 5
INC  .30431388 02 LAN .19387282 03
00 WY 49173155 CO
00 QY .78728136 00
BX .36104185 00 BY -.78728138 CO
DAP -.46992333 01 RAP  .21916826 02
BYC .60232702 05 BRQ -.34916783 C5
X 93177677 04 Y .11378919 C4
INC  .51730000 02 LAN .73077271 02
WX .75110449 00 22852845 00
QX .63356514 00 +14195721-01
BX -,63356517 00 «14195722-01
DAP -.77080383 0! RAP  ,2592C679 C3
BTC 43514059 05 BRD -.54346438 C5
0 CAYS 1 HR$S. O MIN., (C.000 SEC.
GECCENTRIC
X =.17560347 05 Y 412524493 C5
R +23615404 05 DEC -.24027331 02
R 223615404 05 LAT -,24027331 @2
XS +57281410 08 ¥S -.12433940 09
XM ~,36900876 06 YM  .12369424 C6
XT =.36900876 06 YT .12369424 06
RS .14713396 09 VS .30270388 02
GED ~.24172374 02 ALT .17240778 05
DUY  .35000000 02 0T .12000000 03
CCL .22582774 03 MCL 230592996 03

EQUATURIAL COORDINATES

7 -.7036511% 04 BX —.648642236 01 DY .lusl30742 O1 DZ -.20008014 QL
RA  .12091979 03 V  .73761785 01 PIH 47189491 U2 Az  .B1460855 0¢
LCON  .B0O372532 02 VE 67953470 01 PTE .52772510 02 ALE 74570004 02
IS -.53924564 08 DXS .27924342 02 LYS  .10719672 02 CIS .46432854 UL
IM L T9276364 05 0XM -.40153671 00 UYM -.85692745 00 UIM —.29140573 0O
IT 79276364 05 DXT -.40153671 OO DYT -.85692245 00 0IT -.29140573 00
RM 39699710 06 VM .99018437 00 RT  .39699710 06 VT .94018437 00
L2S .2541651iQ 03 RAS .29471237 03 RAM  .16121925 03 LOM  .12u6T7200 03
DR .54112033 OL SHA  .11194083 05 DES -.21499938 02 DEM  .11518834 O¢
TCL  .27964880 03
GECCENTRIC CONIC
235610215265202616021000 J.D.= 2438043.27878598 JAN. 13,1963 18 41 27.110
B  .69621550 05 SLR  .13016341 05 APD  .73821458 06 RCA 65660576 04
Cl 472030006 05 TFP  .183641874 04 TF -.94964876-02 PER  .37692696 0%
EA  .11855552 02 MA  ,291969646 00 C34 -.13245463 Ol TFI  .50000000 00
ALL VECTORS REFERENCED TO EARTH ECUATOK PLANE
1 -.70365115 04 DX -.68642236 Ol LY .18130742 01 ©Z -.20008014 Ol
APF  .18930823 03 MX -.88573875 00 MY -—.44576431 00 MI  .12946433 OU
Wl .86223631 00 PX  .92460809 00 PY .37200548 00 PZ ~.81925115~0U1
QZ ~.49983677 00 RX =.76004171-01 RY =.30579408-01 RI -.99663844 00
82 .49983674 00 Tx .37326021 00 TY -.927172669 00 TZ .00000000 OU
B 469621550 05 THA .32989921 03 T VECTCR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ORSIT PLANE OF TARGET
Z ~.10879762 05 DX .41303026 01 DY .52923522 01 0l -.30560760 01
APF  .18983655 03 MX  .12398145 00 MY .97031129 00 MI  .20166445 00
Wl .61936802 00 PX -.18557264 00 PY -.97343368 00 13412519 OU
QZ -.77355907 OO RX  +25116913-01 RY 13175244 00 +990964 34 VU
BZ 477355909 00 TX ~.98230949 00 TY .18726470 00 TZ 400000000 OU
B 469620777 05 THA .30868332 03 T VECTOR IN ORHIT PLANE OF TARGET

235610217102202246010000 JoD.s 2438043.32084834 JAN. 13,1963 19 42 01.297

EQUATURTAL COOKDINATES

1 ~.96155400 04 DX -.56012699 01 UY  «45820013 00 DZ ~.10498419 01
RA  .14450255 03 V457171968 01 PTH 457756951 02 Al .T70737336 02
LON  .96434764 02 VE 451090483 01 PTE .T1168201 02 AlE  .52398568 0¢
1S -.53916191 08 DXS .27920100 02 DYS .l0728981 02 LIS  .46533183 OL
LM .78751022 05 DXM -.39725542 00 pYM -.85832345 00 0ZM -.29230572 00
IT  .78751022 05 OXT -.39725542 0O DYT -.85832345 00 CZT -.24230572 00
RM  .39707613 06 VR 98993617 00 KT 39707613 06 V1 .98993617 0O
LOS .246656707 03 RAS .29473486 03 RAM 16146849 03 LOM  .11340070 03
OR 448355625 01 SHA  .19093397 05 DES -.21496406 02 DEM  .11439160 0¢
TCL  .30592996 03

GEOCENTRIC CONIC
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JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1

EARTH-MOCN FINE PRINT CHECK 1

EPOCH COF

SMA  .37205792

06

VH .97663317-01

PERICENTER PASSACE

ECC  .98235115 00
€3 -.107134C2 OL

TA 11718464 03 MTA .13000000 03
X -.17560347 05 ¥ .12524493 05
INC 30433413 02 LAN  .19386406 03
WX -.12137596 00 WY .49177971 00
QX -.36106468 00 QY .78726012 00
BX 36106468 00 BY ~.78726012 €O
DAP -.47040997 01 RAP .21915830 C2
BYC .60206265 05 BRQ -.34903369 05
X 15311712 05 ¥ 10204333 05
INC  .51732033 02 LAN .73070762 02
WX .75109962 00 WY -.22862019 00
QX .63355362 00 QY ~.14173943-01
BX -.63355361 00 BY  .14173943~01
DAP -.77121970 01 RAP  ,25920320 03
BTC  .43494155 05 B8RO ~.54325119 05
Q CAYS 1 HRS. 30 MIN. 0.000 SEC.
GECCENTRIC
X =.26909438 05 ¥ .12891467 05
R .31850063 05 DEC -.20474518 02
R .31850063 05 LAT 206474518 02
XS 57331665 08 ¥S -.12432007 09
XM -.36971996 06 YM  .122148C) 06
XT ~.36971996 06 YT .12214801 06
RS .14713413 09 VS  .30270392 Q2
GED -.20602362 02 ALT  .25474498 05
DUT  .35000000 02 DT  .12000000 03
CCL  .23711064 03 MCL  .31662791 03
EPOCK OF PERICENTER PASSAGE
SMA  .37196284 06 ECC  .98234627 CO
VH  .97689426-01 €3 -.10716141 C1
Ta .12700795 03 MTA .180C0000 C3
X -.26909438 05 Y 12891467 C5
INC  .30434307 02 LAN .193862C3 03
WX -.12136180 00 WY  .49179717 00
QX -.36107014 00 QY .78725114 00
8X .36107013 00 BY -.78725113 00
CAP -,47053206 01 RAP  .21915625 €2
BT¢ .60198679 05 BRQ -.34900008 05
CASE 1
€ARTH-MOCN FINE PRINT CHECK 1

X .19672863
INC  .51732910
WX 75109991
QX .63354565
BX -.63354568
DAP -.77132250

BTO .43488317

O CAYS

2 HRS.

0s
02
00
00
[+]+]
o1

as

0 MIN.

GEULENTRIT

X —.35157458 05
R 39323358 05
R .39323357 05
XS .57381912 08
06
06
RS .14713431 09
GED -.18185229 02
CUT  .35000000 02
CCL  .24347842 03
€POCH OF PERICENTER
SMA  .3719359¢ Uo
VH  .97697066-01
TA  .13292118 03
X -.35157458 05
INC  .304348%0 02
WX =-.12135547 00
QX -.36107255 00
BX .36107256 00
DAP -.47059320 01
BFC 60196495 05
X 423215760 05
INC  .51733462 02
WX  .75109962 00
QX .63354004 00
BX -.63354004 00
DAP -.77137526 01
BTC  .43486597 05
0 CAYS 6 HRS.

Y .183C1019 05
LAN .73068588 02
WY -.22865144 Q0
QY -.141741641-01
BY .14174141-01
RAP .259201¢6 03
BRO -.54319335 05
0.000 SEC.

Y .127084C9 05
~.18070164 02
-«1807C165 G2
YS -.12430C074 09
¥YM  .12059931 06
YT .12059931 06
VS .3027€397 02
+32947229 €S
0T .24000000 03

MCL  .32255119 03
PASSAGE
eLl 78224
C3 -.10716 17 o1
MTA  ,18000000 03
¥ .127084C9 0S
LAN  .193861C5 03
WY .49180767 00
QY .78724550 00
8Y -.78724552 00
RAP  .21915516 02
BRQ ~.34899443 CS5
Y .25658274 C5
LAN  .73067059 02
WY ~.22867325 00
QY -.14178723-01
BY .14178723-01
RAP  .25920043 03
BRO -.54318172 05
0 MIN. 0.000 SEC.

1BSYS~JPTRAJ-SPACE 022665 3

235610215265202607632000 J.0.= 2438043,27878542 JAN. 13,1963 18 41 27.061

B .69591952 05 SLR  .13016892 05 APO  .73754945 06 RCA  .65663906 04
€1 72031531 0% TFP 436342360 04 TF =.95100104-02 PER  .37642240 05
£A 17569177 02 MA  .57928050 00 C3J -.13239474 01 TF1  .10000000 O1

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
~+56012699 01 DY .45820013 00 DI -.10498419 01
~«65751894 00 MY -,69056407 00 MZ  ,30131392 00

+92460810 00 PY .37198683 00 P -.82009821-01
=+76083232-01 RY -.30609682-0L RZ -.99663148 00
+37324410 00 TY -.92773318 00 TZ .00000000 00

~

~496159400 04 ox
APF  ,18931736 03 MX
Wl .86221840 00 PX
QZ -.49985377 00 RX
BLZ ,49985377 00 ™

B +69591952 05 THA 32989785 03 T VECTOR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGETY
7 -.14802373 05 DX .27560775 O1 DY .47503466 01 D2 -.15888903 01
APF  .18984160 03 MX -.124318B51 00 MY ,87236354 00 MZ 47278626 00

WZ 61934015 00 PX
QZ ~. 77356897 00 RX
B2 77356896 00 T

-.18563194 00 PY -.97341250 00 PZ -.13419712 00
«25138660-01 RY .13182153 00 RZ -.99095464 00
~-.98229773 00 TY .18732638 00 TZ .00000000 Ou

B .69591379 05 THA  .30868170 03 T VECTOR IN ORBIT PLANE OF TARGET

2356102200042C224601C00C JeDo= 2438043.34168167 JAN. 13,1963 20 12 01.297

EQUATORIAL COORDINATES

Z -.11140858 05 OX ~.48458458 01 DY .13495163-01 DL -.68978222 00

RA 415440238 03 V  .48947118 01 PTH .62480509 02 AL 66977448 02
LON  .98814059 02 VE .44310940 01 PTE .78419512 02 ALE  .35391095 03
15 -.53907812 C8 OXS  .27915854 02 DYS .10738288 02 DIS .46513509 Ol
IN  .T7B224065 05 DXM -,39296826 00 DYM -.85970578 00 DIM -.29319913 00
L1 .78224065 05 OXT —439296826 00 OYT -.85970578 00 29319913 00

RM  .39715486 06 L

LOS 423916902 03 RAS
DR .43408934 0} SHA
TCL 31662791 03

+98968873 00 RT  .39715486 06 v¥
+29475734 03 RAM  .16171748 03
+26744537 05 DES -.21492873 02

+96968873 00
10612916 03

DEM  .11359310 02

GEQCENTRIC CONIC

235610215265202602004000 J.D.=® 2438043.27878490 JAN. 13,1963 18 41 27.016

B .69583701 05 SLR  .13017132 05 APO  .73735914 06 RCA  .65665280 04
Cl  .72032195 0S5 TFP  .54342813 04 TF -.95225721-02 PER .37/627811 05
EA  .21439325 02 MA  .86653158 00 C3J -.13233752 01 TFI  .15000000 01

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
-+48458458 01 DY .13495163-01 DI -.68978222 00
-.5210099% 00 MY -.77091448 00 MZI .36638715 00

92460784 00 PY 37198286 00 PL 8203106101
-« 7610304701 RY —.30617336-01 RI -.99662977 00
37324077 00 TY -.92773452 0O Tz .00000000 OO

7 ~.11140858 05 DX
APF 18931955 03 MX
w2l .86221050 00 PX
Q2 -.49986401 00 RX
Bl 49986400 00 T

B .69583701 05 THA .32989711 03 T VECTOR IN EARTH EQUATOR PLANE

IBSYS-JPTRAJ-SPACE 022665 4

ALL VECTORS REFERENCED YO ORBIT PLANE DOF TARGET

Z -.17101970 05 DX .21540860 0L BY .42715453 01 DZ -.10353782 O}
APF  .18984280 03 MX ~.23309050 00 MY .785846i6 00 Mz  .57281283 00
Wl .61932815 00 PX -.18565762 00 PY —.97340515 00 PZ -.13421490 00
QZ ~.773575«1 00 RX .25145529-01 RY .13183831 00 RZ -.99095224 00
BZ .77357545 00 TX -.98229270 00 TY .18735275 00 Tz .00000000 00

B .69583216 05 THA .30868093 03 T VECTOR IN ORBIT PLANE OF TARGET

235610220706202246010000 J.D.= 2438043.36251501 JAN. 13,1963 20 42 01.297

EQUATDRIAL COOKDINATES

Z -.12197376 05 DX -.43488279 01 CY -.19455838 00 0% 50112047 00

RA  .16012653' 03 V  .43819264 01 PTH  .65289371 02 Al .65085562 02
LON .97017682 02 VE .41922472 01 PTE  .71719%92 02 AZE .30593274 03
2S -.53899425 08B DXS .27911605 02 DYS .10747595 02 VIS .46613828 0L
IM 77695507 05 OXM -.38867531 00 OYM -.86106942 00 DIM -.29408592 00
ZT  .77695507 05 DXT ~.38867531 00 DYT ~.86106942 00 DIT -.29408592 00

RM  .39723332 06 VM .98944204 00 RT 239723332 06 VT .98944204 00

LOS 23167097 03 RAS .29477983 03 RAM  .16196623 03 LOM  .98857371 02
DR .39806763 01 SHA  .33869685 05 DES -.21489336 02 DEM  .11279286 02
TCL  .32255119 03
GEOCENTRIC CONIC
2356102152652026C0414000 J.D.= 2438043.27878477 JAN. 13,1963 18 41 27.004
B .69581529 05 SLR  .13017265 05 AP0 .73730524 06 RCA  .65665996 04
Cl  .72032561 U> TEP TF -.95258056-02 PER  .37623727 05

EA 24446767 02 MA iri

C3J -.13229198 vl

«2o0gccCe Ot
ALL VECTORS REFED(ENCEO TO EARTH EQUATOR PLANE
-.43488279 O1 -.19455838 00 0Z -.50112047 00
~.43119463 00 NV -.80850589 00 MZ  .4004B646 00
+92460772 00 PY .37198077 00 PL ~.82041699-U1L
-+76112974~01 RY —,30621162-01 RZ -.99662888 00
.37323900 00 TY -.92773523 00 TZ .00000000 OC

2 -.12197376 05 DX
APF  ,18932061 03 MX
Wl .86220535 00 (24
QZ ~.49987107 00 RX
B2 .49987108 00 T

B .69581529 05 THA .32989661 03 T VECTOR IN EARFH EQUATOR PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGETY

Z -.18681743 05 DX .18088820 O} DY .39207859 01 DZ -.74609459 00
APF  .18984340 03 MX —.29546520 00 MY  .T72246759 00 ML  .62509277 00
W2 461932058 00 PX -.18567820 00 PY ~.97339997 00 Pl -.13422403 00
QZ -.77357996 00 RX  .25150059-01 RY .13184675 00 RL -.99095099 00
BZ 77357996 00 TX -.98228870 00 TY .18737374 00 TZ .00000000 Ou
B +69581235 05 THA .30868042 03 T VECTOR IN ORBIY PLANE OF TARGET

2356102211726202246010000 J.0.= 2438043.52918168 JAN. 14,1963 00 42 01.297
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JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1 18SYS—-JPTRAJ-SPACE 022665 5

EARTH-MOCN FINE PRINT CHECK 1

GEQCENTRIC EQUATORIAL CODORDINATES

X —-.84114400 05 Y «65059352 C4 7 -.15548877 05 OX -.28179711 01 DY -.52034270 00 0Z -.99636187-01

R .85786519 05 10442625 02 RA 417557719 03 vV .28673411 01 PTH .72971953 02 AL  .61241663 02

R .85786518 05 10442626 C2 LON .52304021 02 VE .60837608 01 PTE .26785337 02 AZE  .21426584 03
XS .57783604 08 +12414543 €9 1$ -.53832072 08 DXS .27877475 02 0YS  .10822000 02 DIS .46936117 01
X¥ -.37577210 06 +10812474 06 LM .73410790 05 DXM -.35413399 00 CYM -.8/130586 00 DIM -.30094165 OV
XT -.37577210 06 .10812474 C6 2T 73410790 05 DXY -.35413399 00 DYT -.87130586 00 BIT -.30094165 00
RS +14713573 09 VS 30270437 02 RM  .39785018 06 VM .98749717 0O RT  .39785018 06 VT 98749717 00
GEC -.10512209 02  ALT .79408021 C5 LOS .17168650 03 RAS 429495966 03 RAM  .16394734 03 LOM 40674176 02
OUT  .35000000 02 DT  .480000C0 03 DR .27416413 01 SHA .79254281 05 DES —.21460932 02 DEM .10633072 0¢
cCL 25991151 03 MCL  +336996C0 C3 TCL  .33699600 03

GEOCENTRIC CONIC

EPOCH OF PERICENTER PASSAGE 2356102152652€2645710000 J.D.= 2433043.27878814 JAN. 13,1963 18 41 27.296
SMA  .37210488 06 ECC .98235293 €O B .69597264 05 SLR  .13017238 05 APO .73764320 06 RCA 65665591 04
VH  .97652204-01 €3 -.10712050 01 €l .72032487 05 TFP  .21634001 05 TF =.94447134-02 PER 37649367 05
TA 414971167 03 MTA .18000CCO 03 EA  .38438245 02 MA 344177074 01 C3J -.13210443 01 TEL .59999999 Ol

ALL VECTORS REFERENCED TU EARTH EQUATOR PLANE
~284114400 05 Y 465059352 04 2 -.15548877 05 DX -.28179711 0L Uy -.52034270 00 DZ -.99636187-01
INC  .30442654 02  LAN* (19385364 03 APF  .18932776 03 MX =.15454728 00 MY -.86732156 00 ML .47314763 00
WX -.12131985 00 WY .491937C2 CO Wl 486213670 00 PX  .92461349 00 PY .37194855 00 82123048-01
QX ~.36106977 00 QY .78718C04 CO QZ -.49997633 00 RX —.76189429-01 RY =.30649075-01 RZ -.99662220 00
BX 36106974 00 BY ~.78717999 00 BL 449997630 00 TX «37320917 0O TY =.92774723 00 TZ .00000000 00
DAP -.47106089 01 RAP  ,21913674 C2

.

BYQ .60205711 05 BRQ =.34914917 05 B 69597264 05 THA .329889Y39 03 T VECTGR IN EARTH EQUATUR PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET

X .41175304 05 Y 71487404 CS 7 -.23525935 05 0X .93534122 00 LY .27071772 OL 02 -.13405399 00
INC .51741021 02 LAN  .73054934 02 APF 18984685 03 MX -.45324335 00 MY .50319649 00 M2 .T3577426 OO
WX .75112934 00 WY -.22885599 00 Wl 251921698 00 PX =-.18586293 00 PY -.97335636 00
QX .63345061 00 QY -.14224354-01 Qe -.77365234 00 RX  +25186659-01 RY 213190147 00

BX -.63345062 00 BY .14224354-C1 BZ .77365236 00 X ~.98225282 00 TY .18756172 00 T2 .00000000 OC
DAP -.77172582 01 RAP  .25918947 C3

BTC .43489594 05 B8RO -.54336085 C5 B 69597091 0% THA  .30867313 03 T VECTCR IN ORBIT PLANE Of TARGET
0 DAYS 10 HRS. O MIN. 0.000 SEC. 235610236746202246010000 J.D.= 2438043.69584834 JAN, 14,1963 04 42 01.297
GECCENTRIC EQUATGRIAL CDORDINATES
X -.12038556 06 Y -.11858323 04 Z -.16261956 05 DX =-.22807968 01 LY —-53816650 VO DI -.13566510-01
R .12148473 06 DEC -.76927096 OL RA  .1B056436 03 V223434678 01 PTH  .T5345235 02 Al .60432451 02
R 12148473 06 LAT -.769271C5 01 LON  .35712693 03 VE .B5737837 01 PTE .15333528 02 ALE  .21202766 03
XS 54184803 08 ¥S -.12398905 C9 1S -.5376425% 08 DXS  .27843110 02 DYS .10896324 02 DIS .4725816% 01
XM —-.38062099 06 YM  .95511378 05 IM  .69030420 05 DXM oo CYM -.8803461L 00 vIM -.30737028 00
XT -.38062099 06 ¥T .55511378 05 T .69030420 05 DxY oo OYY -.88034611 00 CZT -.3u737028 OV
RS 414713719 09 VS  .30270480 C2 RM  .39844693 06 VM .98560677 00 KT .39844693 06 VT .98560677 00
GELC -.77445006 01 ALT  .11510691 Cé Las 11170200 03 RAS .29513943 03 RAM  .16591331 03 LOM .34247588 03
OUT .35000000 02 DT .480C0000 03 DR .22672296 01 SHA  .11447679 0o UES -.21432338 02 DEM  .99767607 OL

CCL 26498468 03 MCL  .34093E82 C3 TCL 34093882 03

GFCCENTRIC CONIC

CASE 1 1BSYS-JPTRAJ-SPACE 022665
EARTH-MOCN FINE PRINT CHECK 1

EPOCH OF PERICENTER PASSAGE 235610215266202204410000 J.D.= 2438043.27880827 JAN. 13,1963 18 41 29.035
SMA 37241584 06 ECC .88237085 CO B .69620343 05 StR 413015004 05 APL  .73826632 06 RCA  .656%3729 04
VH  .97561411-01 €3 -.10703106 01 Cl .72026306 05 TFP  .36032262 C5 TF —.89615583-02 PER  .37696572 09
Ta .15535241 03 MTA  .l800CuuC 03 EA  .46694800 02 MA  .57350989 01 C34 -.13200759 01 TF1  .1uU000000 ©Z

ALL VECTORS REFERFNCED fO EARTH £QUATOR PLANE

X -.12038556 06 Y -.11858323 04 I -.16261956 05 DX -.22807968 01 DY -.53816650 00 DI -.13566510-01
INC  .30464137 02 LAN .19384C33 03 APF  .18933858 03 MX -.57482837-01 MY -.87038283 00 MI  .485900833 OC
WX -.12128280 00 WY .4922785) 0O Wl .B6194666 00 PX  .9246390% 00 PY  .37185250 00 PI -.82269809-U1
QX -.36101673 00 €Y .7870115%9% CO Uz -.50027925 00 RX —.76328626-01 RY —.30696292-01 RZ -.99661008 OV
8X  .36101680 00 BY -.78701174 00 BI .50027934 00 TX .37311734 00 TY -.9277841l6 00 TZ .00000000 OV
DAP -.47190468 01 RAP  ,21908CC3 02
BTQ .60213148 05 BRQ -.34948090 C5 B .69620343 05 THA .32986885 03 T VECTUR IN EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGEY

X .52632178 05 Y .10674526 06 1 -.24368819 05 DX .68707836 00 UY .22404781 O1 DI -.45491792-02
INC  .51762303 02 LAN  .73038647 C2 APF  .18985119 03 MX ~.49786965 00 MY .41884523 00 MZ  .75940403 OU
WX .75128417 QO WY -.22913658 CO Wl 61892529 00 PX -.18613935 00 PY -.973290u3 00 P -.13438261 00
QX .63318576 00 QY -.14246840-01 QI -.77386869 00 RX  .2524¢2856-01 RY  .13199047 00 RI -.99092952 UL
8x 63318519 00 BY .14246841-C1 Bl 77386872 00 TX -.98219904 00 TY .18784318 00 TZ .00000000 OU
OAP -.17229221 01 RAP  .259173C5 C3
BYIO .43484158 05 BRO -.54370099 C5 B 69620254 05 THA  .3086521% 03 T VECTCR IN ORBIT PLANE OF TARGET

0 DAYS 14 HRS. O MIN. 0.000 SEC. 23561024576620224601C000 J.D.= 2438043.86251501 JAN. 14,1963 08 42 01.297

GEQCENTRIC EQUATOR AL COORDINATES

X -.15085768 06 Y -.88699365 C4 1 -.16151990 05 DX ~.19742425 01 DY -.52734149 00 D2 .23435855-01

R .151979%9 06 61030421 O1 RA  .18336493 03 V. .20435975 01 PTH .76593858 02 Al .60053228 02

R .15197959 06 61030421 01 LON  .29976323 03 VE .10796389 02 PTE  .10610265 02 AZE  .27127716 03
XS .58585506 08 12383160 €9 1S ~.%3695974 08 DXS .27808B508 02 DYS .10970%66 02 DZS .41579784 01
XM -.38496583 06 YM  .B8277645C 05 LM . 645605177 05 UXM -.28413486 00 DYM -.83819006 00 OIM 31336824 0O
XT -.38496583 06 YT 82776450 05 LT . 64560577 05 LXT -.28413486 00 0OYT -.88819066 00 wy 31336824 00
RS .14713866 09 VS .30270527 €2 KM 439902218 06 VM .98377584 00 KT .39902218 06 VY .98377584 00
GEC -.61443159 01 ALT 14560163 Ce LOS  «5LT17424 02 KAS  .29531912 03 RAM 16786486 03 LOM 28426317 03
oUT  .35000000 02 DT 295999999 03 DR 19879115 01 SHA . 144625264 06 DES -.214035%2 02 UEM  .93112143 01

CCL  .26780095 03 MCL  .34292233 03 TCL  .34292233 03

GEOCENFRIC CONIC

EPOCH OF PERICENTER PASSACE 23561021526720231575C000 J.D.x 26436063.27666120 JAN. 13,1963 18 41 33.609
SMA  .37281702 06 ECC  .98239812 00 B .69641901 0% SLR 413009046 05 APLD . 739071L17 06 RLA 65622774 04
VK .97432780-01 €3 -.10691589 Q1 €1 .72009819 0% TEP 50427688 05 TF -.76910257-02 PER 437757500 0>

TA .15855770 03 MTA .18000000 03 EA  .52917723 02 MA . 80134045 01 C3J) -.13193548 01 TFL .14000000 02

ALL VECTORS REFERENCED TO tARTH EQUATOR PLANE

X ~.15085768 06 ¥ -.88699365 04 2 =.16157990 05 DX ~419742425 01 VY -.52734149 00 Dl .23835855-01
INC  ,30505725 02 LAN .19382C76 C3 APF  .18935274 03 MX —-,21224571-02 MY -.86811068 00 ML .49636590 00
WX -.12126403 00 WY 49292740 00 Wl  JH6157844 0O PX .92469112 00 PY 37167308 00 Pl ~.B2495185-01
QX -.36088967 00 QY «78669020 00 CZ -.50081616 00 RX ~.76543464%-01 RY -.30766107-01 R ~.99659146 00
BX .36088972 00 BY -.78669029 CO BZ .50087622 00 TX 437294428 00 TY -.92785315 00 TZ .00000000 00

DAP -.47320045 01 RAP .21897315 02

BYQ .60207184 05 BRQ -.35001275 C5 B .69641901 05 THA  .32982854 03 T VECTUR IN EARTH EQUATOR PLANE

186




JPL TECHNICAL MEMORANDUM NO. 33-198

CASE

1

EARYH-MOCN FINE PRINT CHECK 1

0 CAYS 18 HRS.

X

R

R
XS
XM
xv
RS
GED
puTt
ccL

EPOCH
SHA
VH

TA

INC
wX

8x
DaP

BTQ

DAP

870

O CAYS 22 HRS.

CASE

<£1536196
«51803762
75162963
63266011
~+63266025
~.77309988

43458500

05
02
00
00
00
o1

0%

GECCENTRIC

~«17770549
17914122
+17914122
+58985706
-.38880297
~-+38880297
+14714016
~+50468166
»35000000
+26969944

06
06
06
08
06
06
09
ol
02
03

OF PERICENTER

«37331979

«97257058~

«16073869

-+17770549
«30574359
-.12128732
~+36066566
36066577
-.47502019

+60180443

+68968952
51872269
215223636
263178269
~e63178284
-.77417948

43403805

i

06
01
03

06
02
00
00
a0
01

05

05
02
00
00
00
oL

A
LAN
LA4
Qv
8y
RAP

8RO

0 MIN.

.13687808 C6
+73018046 C2
-.22953736 €0
~«14231440-01
+14231443-C1
»2591498C C3

-+54418184 05,

0.000 SEC.

~+16349802 05

¥S -.123673C9 €9
YM  .69937162 05
YT .69937162 05
VS .30270577 02
ALT  .17276318 06
DT .95999969 03
MCL  .34415151 03

PASSAGE

ECC  .98243756 00
€3 -.10677190 01
MTA  .1800CC00C 03

Y -.16349802 0S5
LAN  .19379488 (€3
MY  .49398366 00
CY .78615962 00
BY -.78615988 00
RAP  .218680548 €2
BRGQ ~.35079874 05

Y .16372239 C6
LAN 72993168 C2
WY -.23007977 00
QY -.14159631-01
BY .14159634-01
RAP  ,25911847 03
BRO -.54482885 05

0 MIN, 0.000 SEC.

EARTH-#CCN FINE PRINT CHECK 1

GECCENTRIC

X -.20197367 06
R .20389272 06
R .20389272 06
XS .59385405 08
XM ~.39212934 06
X7 -.39212934 06
RS .14714168 09
GEC ~.42226405 O1
OUuT ,35000000 02
CCL  .27111373 03
EPOCH OF PERICENTER
SKA  .37394621 06
VH .97020826-01
TA .16236954 03
X ~.20197367 06
INC  .30678652 02
WX -.12138116 00
QX -.36031698 00
BX .36031698 00
DAP -.47T746651 01
BTC .60124433 05
X 75414606 05
INC  .51976518 02
WX .75319225 wu
QX .63043816 00
BX -.63043815 00
DAP -.77557702 01
BYC .43309357 05
1 CAYS 2 HRS.
GECCENTRIC
X =.22426698 06
R 2226777159 06
R .22677759 06
XS  .59784595 08
XM =.39494248 06
XT ~.39494248 06
RS .14714323 09
GED -.35675297 01
DUYT .35000000 02
CCL  .27223388 03

Y -.23590486 05
DEC -.41941613 C1
LAT ~-.41941613 C1

YS -.12351350 €9
YM  .57010689 C5
YT .57010689 05
VS .30270629 02
ALT  .19751462 06
DT .95999999 03
MCL  .34500428 03
PASSAGE
ECC  .98249295 00
$3 .10459306 01
MTa .18000000 03

¥ -.23590486 05

LAN  .19376253 03
WY .49557412 0O
QY .78534898 00
BY -.78534898 00

RAP  .21856396 02

BRQ ~.35191135 05

Y .18818541 06
LAN  .72963995 02

WY -.22079157 00
QY -.14005840-01
BY .14005639-01
RAP  ,259C7749 03
BRO ~.54567880 05
0 MIN. 0.000 SEC.

Y -.30593316 Q5
DEC -.35434440 01
LAT -.35434440 C1

¥S§ -.12335286 09
YM  L44014164 05
YT  .44014164 05
VS  .30270684 C2

ALY .22039947 Cé
DT  .95999999 03

MCL  +34564152 03

I -.23989056 05 DX
18985587 03
«61835676 00
Q2 -. 77429854 00 RX
« 77429871 0C

APF
Wi

B

]

RA

[43
EA

1BSYS~JPTRAJ-SPACE 022665

+69641799 05

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET

THA

-55819511 00
MX -.52068252 00
PX —.18653071 00
«25322711-01
TX —.98212273 00

+30861095 03

oY
MY
PY
RY
Ty

T VECTOR IN

235610255006202246010000 J.De= 2438044.02918167

19652243 01
»36901151 00
-«97319575 00
.13211741 00
.l8824173 00

JAN.

0Z .51000346-01
Ml .7698829%6 00
P2 -.13452231 00
RZ -+990910%2 00
Tz .00000000 00

ORBIT PLANE OF TARGET

1451963 12 42 01.297

EQUATORTAL COORDINATES

DL .44518640-01
Al .59800106 02
AZE  .27091419 03
0ZS .47901037 01
DZM -.31893244 00
02T -.31893244 00
VI .98200919 Ou
LOM  .22603682 03
DEM  .86372676 04

1351963 i8 41 43.230

RCA  .655664062 04
PER 437833904 05
TFI  .18000000 02

D2 .44518640-01
ML .50109422 Ov
P2 -.82811715-01
RZ -.99656519 00

1 -.15653149 05 DX -.17660%922 01 0Y -.51121891 00
18525670 03 vV .18391325 01 PTH  .T77380777 02
424149074 03 VE 12794071 02 PTE .80638391 01

~+53627230 08 OXS .27773670 02 DYS .11044726 02
. 60007481 05 OXM -,24876397 00 DYM -.89484113 00
-60007481 05 DXT ~.24876397 00 DYT -.89484113 00
«39957459 06 VM .98200919 00 RT  .39957459 06
+35173278 03 RAS  .29549874 03 RAM  .16980278 03
+ 17947056 01 SHA 17149115 06  DES -.21374574 02
+364415151 03

GEOCENTRIC CCNIC

235610215271202635310000 J.D.= 2438043.27897256 JAN.
469658332 05 SLR  .12997666 05 APO  .74008317 06
«71978314 05 TFP  .64818067 05 TF -.50187110~02
+58032496 02 MA  .10279362 02 C3J ~.13187499 01

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE

-+15653149 C5 DX -.17660922 01 OY -.51121891 00
18936975 03 MX  .35414987-01 MY -.8646673%3 00
«86096973 00 PX  +92477547 OO PY  .37139268 00

~.50186919 00 RX -.76846193-01 RY -.30861669~01
+50186935 00 TX  .37267274 00 TY -.92796284 00

z
APF

Qz
8z

8

I -.14912014 05 bx
« 18666195 03 v
«18273172 03 VE

-4+53558024 08
«55377399 05
+55377399 05
+40010285 06 VK
+29174806 03
«16491006 01
+36500428 03

RA

2356102152762021660L0000 J.D.= 2438043.27917733
.12978771 05
.79200374 05

.i12528

B
c1
€A

7 -.14912014 05 DX
.18938914 03 MX
86004242 00 PX

-.50338718 00 RX
«50338718 00 %

APF
Wl
az
Bl

4
APF
wl
Qz
8l

8

235610273046202246010000 J.De= 2438044.36251501

1 -.14016070 05
.18776804 03 v
£1236735¢4 03 VE
.53488356 08
50676633 05
+50676633 05
+40060570 06 L
£23176327 03
+15333855 01
+34564152 03

—.23018075 0S5 DX
18986032 03 Mx
61741666 00 PX

-.775015%94 00 RX
. 77501611 00

IBSYS-JPTRAJ-SPACE 022665

-.21705243 05 ox
.18986397 03 MX
61598437 00 PX

- 77611315 vu RA
77611313 00 T

«69658332 05

+692658274 05

69666085 05
«71925978 05
262428375 02 nA

69666085

69666017 05

«32976159 03

T VECTOR IN

TZ .00000000 00

EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGETY

THA

Dxs
DxM
DXT

RAS
SHA

GEQCENTRIC CONIC

SLR
TFP

+47611210 00
—+53471193 00
-.18705802 00

«25630191-01
TX -.98201966 00

«30854259 03

-.16112623 01
+16864089 01
+14618480 02
.27738596 02

—-.21320225 00

-.21320225 00
«9803115¢ 00
29567829 03
»19596997 06

£7% 02

DY
MY
PY
RY
TY

+17745784 01
+33435978 00
-.97306873 00
13228689 00
-18877870 00

DZ .81218655-0L
MZ  .T77607103 00
PZ -.13470900 00
R1 -.99088518 00
TZ .00000000 OUu

T VECTOR IN ORBIT PLANE OF TARGET

23561026402620224601000C J.0.> 2438044.19584834

APO
TF
€31

JAN.

1441963 16 42 01.297

EQUATOREAL COORDINATES

~.49446968 00
+ 77925660 02
«64772868 01
«11118802 02

90030621 00

«90030021 00

+40010285 06

+17172787 03

~.21345405 02

JAN.
+74134573 06

-.10395050-03

—.13182134 01

DZ .57519812-01
Al .59581681 02

AZE .27070455 03
DZS .48221919 01
DIM -.32406026 00
027 -.32406026 00

VT .98031154 00
LOM 16779764 03
DEM  .79557309 OL

1341963 18 42 00.922

RCA  .565466920 04
PER  .37929169 05
TFI  .22000000 02

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE

o

5 THA

~.16112623 01
«63262731-01
« 92489906 00

-.77254i08-01
«37228153 00

+32965935 03

DY -.49446968 00
MY -,B6082503 00
PY .37098963 00
RY -.30987677-0i
Ty -.92811985 00
T VECTOR IN

DZ .57519812-01
MZ  .50495360 00
PZ -.83237212-ul
RI -.99652977 00
TZ .00000000 00

EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET

THA

DXs
OXM
DXTY
RAS
SHA

GEOCENTRIC CONIC

187

. 255

-.98188438 00

41806925 00
~+54396204 00
-.18774776 00

2587040201

.30843828 03

DX -.14894586 01
+15657713 01
«16305768 02
.27703284 02

-+17749132 00

-+ 17749132 00
97868743 00
+29585776 03
+21859221 06

DY 416307159 01
MY .30801712 00
PY -.97290240 00
RY 413250598 00
Ty .18948108 00
T VECTGR IN

oy
PTH
PTE
oYS
oYM
28]

RT
RAM
DES

JAN.

02 .99789828-01
MZ  .78053240 00
Pl -.13495069 00
RI ~.99085231 00

TZ  .G3000CCC 00

ORBIT PLANE OF TARGET

1441963 20 42 01.297

EQUATOR[AL COORDINATES

~+47827064 00
78326461 02
+53960372 01
«11192795 02

-+90457156 00

-.50457156 00
+40060570 06
+17364094 03

~+21316048 02

Dl  .66408229~01i
Al .59353992 02

AZE .27056998 03
DIS 48542427 O1
DIM -.32874950 00
DZT -.328749%0 00

VT  .97868743 00
LOM  .10954645 03
DEM  .72673895 0}



JPL TECHNICAL MEMORANDUM NO. 33-198

CASE

1

EARTH-MOCN FINE PRINT CHECK 1

EPOCH OF PERICENTER PASSACE
SMA  .37472880 06 €CC  .98256930 00
VH  .96706058-01 €3 -.10637043 01
TA  .16366297 03 MTA .180000C0 03
X —.22426698 06 ¥ ~.30593316 05
INC  .30830375 02 LAN  +19372335 03
WX -.12158215 00 WY .497B6782 00
QX -.35980784 00 QY .78415929 00
8X .35980783 00 BY -.78415926 00
DAP —.48068514 01 RaP 21823116 Q2
BTC .60028069 05 BRQ -.35344919 05
X .81140989 05 Y .21080132 06
INC  .52128210 02 LAN  .72930370 02
WX  .75461303 00 ‘WY —.23171147 0O
QX .62847095 00 QY -.13733659-01
BX -.62847095 00 BY  .13733659-01
DAP -.77736747 O1 RAP  .25902471 03
BTO .43161171 05 BRD -.54678515 05
1 BAYS 6 HRS. O MIN. 0.000 SEC.
GEOCENTRIC
X =.24497662 06 Y -.373608612 05
R .24815164 06 DEC ~.30054642 C1
R .24815164 06 LAT -.30054642 Q1
XS .60183277 08 ¥S -.12319114 09
XM -,39724057 06 YM  .30964657 05
XT -.39724057 06 YT 430964657 05
RS  +14714479 09 VS  +30270740 02
GED -.30259078 01 ALT  .24177350 06
DUT  .35000000 02 OT  .$5999959 03
CCL  .27315868 03 MCL  .34614435 03
€POCH OF PERICENTER PASSAGE
SMA  .37571466 06 ECC  .98267342 00
VH  .96287670-01 €3 -.10609132 01
TA  .16473160 03 MTA  .18000000 03
X —.24497662 06 Y -.37368612 05
INC  .31046062 02 LAN .19367679 C3
WX -.12194079 00 WY .50110303 €O
QX -.35908803 00 QY .78244892 00
BX .35%08815 00 BY —.78244916 00
DAP -.48488639 01 RAP .21778253 02
8TQ .59876006 05 BRQ -.35555236 05
CASE 1
EARTH-MOCN FINE PRINT CHECK 1
X .86316282 05 Y .23161645 06
INC  .52343858 02 LAN  .72892010 02
WX  .75666063 00 WY -.23289466 00
QX  .82566011 00 QY -.13291064-01
BX -.62566015 00 BY .13291066-01
DAP -.77965626 Q1 RAP ,258957C8 (3
BY0 .42939624 05 BRO -.54822382 05
1 DAYS 10 HRS. O FIN. 0.000 SEC.
GEQCENTRIC
X =.26437573 06 ¥ -.4392789C 05
R .26826547 06 DEC -.25474829 C1
R 226826546 06  LAT ~.25474829 Q1
XS .60581443 08 ¥S -,12302836 09
XM =.39902232 0& YM  .17879167 05
X7 -.39902232 06 YT .17879167 05
RS .14714639 09 VS 30270798 02
GED -.25648203 01 ALT .26188730 C6
DUT  .35000000 02 DT  .95999999 03
CCL  .27394551 03 MCL .34655822 03
EPOCH OF PERICENTER PASSAGE
SMA  .37697399 06 ECC .98281512 00
VM .95729411~01 €3 -.10573690 01
TA .16564213 03 MTA  .18000000 03
X =e26437573 06 Y -.43927890 05
INC  .31350122 02 LAN .19362201 03
WX =.12253097 00 WY .50563186 00
QX -.35808332 00 QY .78000422 00
8X .35808329 00 BY -.78000415 00
DAP -.49036401 01 RAP .21718177 02
BTQ  .59645586 05 BRQ -.15842766 05
X  +91055950 05 Y .251785135 06
INC  .52647988 02 LAN .72848472 02
WX .75957138 00 WY =.23442258 00
QX  .62167501 00 QY -.12597343-01
BX ~,62167504 00 BY .12597344-01
DAP -,78260571 01 RAP ,25887007 03
BYO .42615809 05 BRO -.55010759 05
1 DAYS 14 HRS. 0 MIN, 0.000 SEC.

IBSYS-~JPTRAJ-SPACE 022665 9

235610215305202630310000 J.D.= 2438043.27952766 JAN. 13,1963 18 42 31.191
B .69660839 05 SLR  .12949718 05 APD  .74292581 06 RCA  .65317859 04
€l .71845430 05 TFP  .93570106 05 TF  .83038806-02 PER  +38048298 05
EA  .66307598 02 KA .14755473 02 C34 -.13177218 Ol TFI  .26000000 02

ALL VECTORS REFERENCED TO EARYH EQUATOR PLANE

Z -.14016070 05 DX -.14894586 01 0Y -.47827064 00 BZ  .66408229-01
APF  .18941050 03 MX  ,.85070010-01 MY ~.B5669632 00 MZ  .50875798 00
Wl .B5868830 00 PX .92507084 00 PY .37043490 00 Pl -.83797006-01
G2 ~.50560126 00 RX —7779:771-01 RY -.31150898-01 RZ -.99648283 00

B2 .50560124 00 TX 37174238 00 TY -.92833593 00 TZ .00000000 QU

B .69660839 05 THA 432951014 03 T VECTCR IN EARTH EQUATOR PLANE

ALL VECTORS REFERENCED YO OURBIT PLANE OF TARGET
2z -.20174349 05 DX .37438849 00 DY .15162157 Ot D2 .11208100 0L
APF  .18986624 03 MX -.55003496 00 MY .28678324 00 MZ .7B435768 00
Wl .61389659 00 PX -.18863579 00 PY -.97268761 00 PZ -.13526032 0C
QI -.7777118L 00 RX .25751592-01 RY .13278633 00 RZ -.99081009 00
82 .T77771181 00 TX ~.98170943 00 TY 19038541 00 TZ  .00000000 QU

B +69660798 05 THA  .30828624 03 T VECTOR IN ORBIT PLANE OF TARGET
235610302066202246010000 JoDe= 2438044.52918L68 JAN. 15,1963 00 42 01.297
EQUATORIAL COORDINATES

Z ~.13010890 05 DX -.13899911 01 0y -.46287676 00 DI +72894213-01
RA  .18867301 03 V  .14668482 01 PTH .78635463 02 Al .59085315 Q2
LON 64414211 02 VE .17881174 02 PTE .46129782 01 AZE .217047738 03
15 -.53418227 08 0Xs 27667737 02 0YS 11266703 02 DIS 48862560 01
M 45911510 05 14167205 00 DYM -.90765972 00 DZM -.33299838 00
ZT 45911510 05 DXT -.14167205 00 OYT -.90765972 00 02T -.33299838 00
RM  .40108196 06 VM .97714125 0C RT  .40108196 06 VT 97714125 OU
LOS 17177836 03 RAS  .29603716 03 RAM  .17554284 03 LOM  .51284040 0/
DR .14380882 Ol SHA  .23970624 06 DES -.21286500 02 DEM  .65730077 ©O1L
TCL  +34614435 03

GECCENTRIC CONIC

235610215322202110310000 J.U.= 2438043.28009913 JAN. 13,1963 18 43 20.56¢6
8 69636995 05 SLR  .12906903 05 APQ  .74491946 06 RCA 65098484 04
€l 71726563 05 YFP  .10792073 06 TF  .22019148-01 PER  .38198547 05
EA  .69787217 02 MA  .16951545 02 C3J -.13172613 0O} ifF1  .30000000 0Oz

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
Z -.13010890 05 OX -.13899911 01 DY —.46287676 00 DI .728%4213-01
APF  .18943334 03 MX  .102743i1 00 MY -.85218454 00 MZ  .51305435 0OC
WI .85675295 00 PX  .92530329 00 PY 36968754 00 Pl -.84527670-01
Ql -.50875226 00 RX —.78494652-01 RY -.31361064-01 RZ =.996642111 00
BZ .50875242 00 TX 37101536 00 TY -.92862672 00 TZ .00000000 OU

B +69636995

o

5 THA .32929755 03 T VECTUR IN EARTH EQUATOR PLANE

IBSYS—JPTRAJ-SPACE 022665 1o

ALL VECTORS REFERENCED TU ORBIT PLANE OF TARGET
7 -.18495561 0S5 DX .34020546 0C DY .14217424 01 DI .12063117 OO
APF  .18986630 03 MX 5360104 00 MY .26889734 00 MZ  .78817511 OU
wl .61092118 00 PX —.18977354 0C PY -.97241115 00 PZ ~.13565612 00
QZ -.77998245 00 RX  .25984140-01 RY .13314631 00 RZ -.99075599 00
BZ .77998251 00 TX -.98148400 00 TY .19154418 00 TZ .00000000 00

8 .569636951 05 THA  .30806982 03 T VECTOR [N ORBIT PLANE OF TARGET
235610311106202246010000 J.D.= 2438044.69584834 JAN. 15,1963 04 42 01.297
EQUATORIAL COORDINATES

Z -.11923683 05 DX ~. 13066445 01 DY ~.44824937 Q0 DZ  .77920893-01
RA  ,18943391 03 VvV .13835891 Ol PTH  .T78884791 02 AL .58743026 02
LON  .50108444 01 VE 419363027 02 PTE .40205823 01 AIE .27041055 03
IS -.53347636 08 DXS .27631951 02 DYS .11340526 02 DZS .49182314 Ul
IM  .41088381 05 DXM -, 10578462 00 DYM -.90957011 00 3680550 00
1T  .41088381 05 DXT -.10578462 00 OYT -.90957011 00 027 -.33680550 OU
RM  ,40153048 06 VM 97567725 00 RY  .40153048 06 VT .97567725 00U
LOS .11179342 03 RAS  .29621649 03 RAN  .17743443 03 LOM  .35301137 03
DR .13576351 01 SHA 425955771 06 DES -.21256762 02 DEM ,58733265 Ol
TCL +34655822 03

GEDCENTRIC CONIC

235610215345202643010000 J.D.= 2438043.28101011 JAN. 13,1963 18 44 39.274
B .69586635 05 SLR  .12845176 05 APD  .74746973 06 RCA 464782519 04
€1 71554840 05 TFP 12224202 Q& TF  .438828456-01 PER  .38390761 05
EA  .72937569 02 MA  .19104912 02 C3J -.13168218 01 TFl 434000000 02

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
~+11923683 05 DX ~.13066445 01 DY —.44824937 00 D2 47792089301
APF  ,18945700 03 MX 211736732 00 MY -.84706748 00 MZ  .51836459 00
Wl 85400401 00 PX 492561465 00 PY .36868698 00 Pl -~.85483703-01
Ql -+51319582 00 RX -479415662-01% RY -.31632516-01 RI -.99633958 00
BZ .51319577 00 TX .37004149 00 TY -.92901523 00 TZ .00000000 00

~

B +69586635 05 THA  <32899712 03 T VECTOR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET
I =e16711966 05 OX 431282303 00 +13417828 01 DZ .12680315 00

APF  .18986310 03 MX ~.55483514 00 nv .25325101 00 NI .T9247826 00
WZ  +60671023 00 PX =.19123658 00 PY ~.97205318 00 Pl -.13616612 00
QZ -.78317392 00 RX  +26284758-01 RY 413360510 00 RZ -.99068603 00
B .78317397 00 TX -.98119198 00 TY .19303450 00 TZ 00000000 00

8 469586570 05 THA  +30776428 03 T VECTOR IN ORBIT PLANE OF TARGET

23561032012620224601C000 J.D.= 2438044.86251501 JAN. 15,1963 08 42 01.297
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JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1 18SYS-JPTRAJ-SPACE 022665 11

EARTH-MOCN FINE PRINT CHECK 1

GECCENTRIC EQUATORIAL COORDINATES
X —.28266672 06 Y ~.50281177 05 1 -.10770919 05 DX -.12355833 01 0Y -.43423497 00 Dz .82081237-01
R .28730590 06 +21484846 C1 RA  .19008636 03 ¥ +13122360 0Ot PIH 79097325 02 AZ  .58284026 02
R .28730590 06 LAT -.21484846 Of LON  .30549903 03 VE .20765244 02 PTE .35576730 01 AZE  .27036072 03
XS  .60979092 08 YS -.12286453 (9 25 -.53276585 08 DXS  .27595929 02 DYS  .11414262 02 DZS .49501687 01
XM -,40028703 06 YM  L4T7746130 04 M 36213617 05 DXM -.69868463-01 DYM ~.91030888 00 OZM ~-.34016981 00
XT -.40028703 06 YT .47746130 Cé IT  .36213617 05 DXT -.69868463-01 DYT 91030888 00 D2T -.34016981 00

RS  .14714800 09 VS .30270858 02 RM  .40195016 06 VM .97429941 00 RT  .40195016 06 VT .97429941 00
GED -,21631122 01 ALT  ,28092772 06 LOS .518C8410 02 RAS  .29639574 03 RAM 17931661 03 LO®  .29472928 03
DUT  .35000000 02 DT .95999999 03 DR .12885500 01 SHA  .27832947 06 DES -.21226836 02 DEM  .51690606 01
CCL  .27463043 03 MCL  .34691034 03 TCL  .34691034 03

GEOCENTRIC CONIC

EPCCH CF PERICENTER PASSAGE 235610215404202760610000 J.D.= 2438043.28245232 JAN. 13,1963 18 46 43,881
SMA  .37861584 06 ECC  .98300879 00 B  .69498163 05 SLR 412756975 05 AP0 .75079853 06 RCA  .64331408 04
VH  .94977210-01 C3 -.10527838 01 €1 .71308753 05 TFP  .13651741 06 TF - .78495979-01 PER  .38641839 05

TA .16643766 03 MTA  .180000C0 03 EA .75798285 02 MA  .21197347 02 C3J -.13163941 01 TFI  .38000000 02

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
X =-.28266672 06 ~+50281177.05 1 -.10770919 05 OX -.12355833 01 DY —.43423497 00 DZ  .82081237-01
INC  .31781082 02 LAN  .19355781 03 APF 18948050 03 MX  .12957496 00 MY -.840969%911 00 MZ  .52533931 00
WX =.12346662 00 WY .51199887 00 wZ .85006662 00 PX .92603266 00 PY 36733906 00 Pl ~.86149742-01
QX -.35667841 00 QY .77647875 00 Q27 ~.51948179 0C RX -.80637086-01 31987156-01 RZ =-.99623013 00
BX .35667840 00 BY -.77647873 00 BZ .51948177 00 TX .36872912 00 TY -.92953689 00 TZ .00000000 00
DAP -.49766499 01 RAP  ,21637262 02

<

BTQ .59301625 05 BRQ -.36239647 05 B .69498163 05 THA  .32857060 03 T VECTOR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET
X 295445647 05 Y .27058126 06 Z -.14851533 05 0X .29068467 00 0Y .12728703 01 DZ .13140203 00
INC  .53078989 02 LAN .72799048 02 APF  .18985507 03 MX -.55352363 00 MY  .23904040 00 MZ  .79779177 0O
WX  .76370743 00 WY -.23642079 00 Wl .60071342 00 PX ~.19314268 00 PY -.97158245 00 Pl -.13683362 00
QX .61599291 00 QY -.11522565-C1 QL -.78766767 00 RX  .26679356-01 RY 413420749 00 RZ -.99059404 00
BX -.61599279 00 BY  411522563-01 B8Z .78766752 00 TX ~.98080789 0O TY .19497662 00 72 .00000000 QO

DAP -.78646630 01 RAP  ,25875663 C3

B8T0  .42144854 05 BRO ~.55261191 05 B .69498115 05 THA .30733089 03 T VECTOR IN ORBIT PLANE OF TVARGET
1 CAYS 18 HRS. O MIN. 0,000 SEC. 23561032714620224601000C J.D.= 2438045.02918167 JAN. 15,1963 12 42 01.297
GEOCENTRIC EQUATORTAL CDORDINATES
X ~.30000779 06 Y -.56435753 05 1 -.95618061 04 DX ~.11744021 01} DY -.42060585 00 DZ  .85814440-01
R .30541954 06 DEC -.17940585 01 RA  .1906536% 03 ¥ .12503974 01 PTH  .79292513 02 AL 57641404 02

R .30541953 06 LAT -.17940585 01 LON  .24590205 03 VE .22098914 02 PTE .31870960 01 AZE .27032287 03
XS .61376221 08 ¥S -.12269963 09 1S —-.53205074 08 DXS .27559669 02 DYS .11487912 02 DZS .49B20675 04
XM -.40103458 06 YM -.83321843 04 IM .31293600 05 DxM -.33962371-01 DYM -.90988291 00 DIM -.34309058 00
XT -,40103458 06 YT -.83321843 04 1T +31293600 05 DXT -.33962371-01 OYT -.90988291 00 DIT -.34309058 00
RS  .14714964 09 VS  .30270918 02 RM  .40233996 0& VM  .97301155 00 KT .40233996 06 VT  .97301155 0¢

GEC -.1B062765 01 ALY .29904135 06 L0S .35182332 03 RAS  .29657492 03 RAM  .18119024 03 LOM  .23643865 Q3
DUT  .35000000 02 DT  .95999999 03 DR 12286261 Ot SHA  .29616432 06 DES —.21196720 02 DEM  .44609135 01
CCL  .27523752 03  MCL  .34721735 03 TCL  .34721735 03

GEQCENTRIC CONIC

CASE 1 IBSYS-JPTRAJ-SPACE 022665 12
EARTH-MOCN FINE PRINT CHECK 1

EPOCH OF PERICENTER PASSAGE 235610215466202252610000 J.D.= 2438043.28473766 JAN. 13,1963 18 50 01.334
SMA  .38081990 06 ECC  .98327692 0O B .69353690 05 SLR  .12630457 05 APO  .75527131 06 RCA  .63684789 04
VH  .93945401-01 €3 ~.10466906 01 Cl  .70954268 05 TFP  .1507199¢ 06 TF  «13334370 00 PER  .38979752 05
TA .16714846 03 HTA .18000000 03 EA .78383379 02 MA  .23199731 02 C34 -.13159679 01 TFI  .42000000 Q2

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
X -.30000779 06 Y ~.56435753 05 2 -.95618061 04 bX ~. 11744021 O1 OY -.42060585 00 DZ .85814440-01
INC  .32402870 02 LAN .19348238 03 APF  .18950222 03 MX  .1396%3666 00 MY -,83325221 00 MZ  .53495429 00
WX -.12493616 00 WY .52110181 GO WZ .B4430106 00 PX  .92660240 00 PY .36548874 00 Pl -.BB464571-01
QX -.35468141 00 Q¥ .77127899 00 QZ -.52851702 00 RX -.B2294132-01 RY -.32460070-01 RZ -.99607932 00
BX .35468134 00 BY -.77127884 00 BZ .52851691 0C TX  .36692734 00 TY -.93024960 00 TZ .00000000 QU
DAP -.50752813 01 RAP .21526244 C2

BTQ .58785859 0S5 BRQ -.36798873 05 B .69353690 05 THA  .32795419 03 T VECTOR IN EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TQ URBII PLANE OF TARGEY
X .995539¢5 05 ¥ £20844897 04 Z -.12932931 05 DX .27294258 00 OY .121275%90 DZ  .13494879 00
INC  .53700903 02 LAN .72742661 02 APF  .18983%76 03 na *855182 00 MY .22555830 00 MZI  .80482420 00
KX .76965569 00 WY ~.23909248 €0 ®Z .59200045 00 PX =-.19568529 00 PY -.97094692 00 P2 -.137i2952 OO
Qx .60773101 00 QY -.98416972-02 QZ -.79408167 00 RX .27210923-01 RY .13501456 00 RZ -.99046992 00
B8X -.60773115 00 BY .98416995-02 BZ .79408186 00 TX -.98028916 00 TY .19756813 00 TZ .00000000 00
DAP -.79164734 01 RAP .25860521 03

°

BTC .41452436 05 BRO -.55602358 C5 B .69353634 05 THA  .30670511 03 T VECTOR IN ORBIT PLANE OF TARGET
1 DAYS 22 HRS. O MIN. 0.000 SEC. 235610336166202246010000 J.D.= 2438045.19584834 JAN. 15,1963 16 42 01.297
GEOCENTRIC EQUATORIAL COOQRDINATES
X =.31653008 06 Y -.62394955 05 1 -.82995664 04 DX -.1121708C 01 DY -.40703204 00 DZ .89533161-01
R 032272791 06 DEC -.14736312 01 RA  .19115127 03 V.  .11966286 01 PTH  .79491225 02 A7  .56697807 02
R 432272790 06 LAT -.14736312 01 LON  .18623541 03 VE .23373436 02 PTE .28853382 01 AZE .27029411 03
XS .61772826 UB ¥3 ~.12262144 09 ZS -,53133104 08 0XS 0YS .11561474 02 DZS .50139278 Q1

XM -,40126538 06 YM -.21424506 05 IM .26334720 05 UAM NYM -.90829977 00 DIM -.34556741 00

XT -.40126538 06 YT -.21424506 05 1T .26334720 05 oxXT .18955&40 02 DYT -.90829977 00 DIT -.34350741 OO

RS .14715131 0% VS .30270978 02 RM  .40269893 06 VM .97181731 00 RT  .40269893 06 VT  .97181731 00
GED -.14836692 01 ALT  .31634971 06 LOS .29183815 03 RAS .29675401 03  HAM ,18305625 03 LOM  .17814039 03
OUT  .35000000 02 DT  .95999999 C3 DR +11765576 O1 SHA 31317932 06 DES -.21166414 02 DEM 37495646 01
CCL  .,27578364 03 MCL  .34748894 C3 TCL  .34748894 03

GECCENTRIC CONIC

EPOCH OF PERICENTER PASSAGE 235610215606202120210000 J.D.= 2438043.28843318 JAN. 13,1963 18 55 20.627
SMA  .38390618 06 ECC  .98365649 00 B8 .69124322 05 SLR 412446199 05 APOD  .76153797 06 RCA  .62743723 04
VR .92490215-01 €3 -,10382761 01 ~70434812 05 TFP  +16480067 06 TF  .22203636 00 PER  .39454566 0%
TA .16779803 03 MTA .180000C0 03 A .80676696 02 MA  .25061839 02 €3y -.13155282 01 TF1  .46000000 02

mo
-

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
X -.31653008 06 Y ~.62394955 05 1 ~.82995664 04 DX -.11217080 01 DY -.40703204 00 DZ  .89533161-01
INC 33331057 02 LAN .19339308 03 APF  ,18951938 03 MX  .14778767 00 MY -.822737t9 00 MZ  .54887301 00
12727523 00 WY .53453153 00 Wl .83550962 00 PX 492740189 00 PY .36286063 00 Pl -.90872875-01
+35174802 00 Qv .76328729 €O QZ -.54190870 00 RX -.84625815-01 RY -.33111186-01 RZ -.99586249 00
8X .35174817 00 BY ~,76328760 00 BZ .54190892 00 TX +36436821 00 TY -.93125497 00 ¥Z  .00000000 00
DAP -.52138257 01 RAP ,21348708 C2

o

BTQ .57994008 05 BRQ ~.376i4718 05 B .69124322 05 THA  .32703269 03 T VECTOR IN EARTH EQUATOR PLANE
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JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1

EARTH-MOCN FINE PRINT CHECK 1

X .10344153 06
INC  .54629141 02
WX .77843838 00
QX  .59527320 00
BX -.59527323 00
DAP -.79886574 01
870 .40405835 05
2 DAYS 0 HRS.
GEQCENTRIC
X ~32452114 06
«33111425 06
R +33111424 06
XS .61970931 08
XM -.40118728 06
XT -.40118728 06
RS .14715215 09
GED -.13325026 Ol
DUT  .35000000 02
CCL  .276037686 03
EPOCH OF PERICENTER

SMA  .38595647 06
VH  .91529582-01
TA .16810661 03

X —+32452114 06

INC  .33974277 02
WX -.12895533 00
QX -.34973903 00
BX .34973906 00

DAP -.53057284 01

BYC .57436994 05

X .10532131

INC  .55272449 02
WX .78443744 00
Qx  .58655526 00
BX ~.58655517 00
DAP -.80362980 01
BYO .39676542 05

2 DAYS 10 HRS.

2 DAYS 10 HRS. 46 VIN.

CASE 1

46 MIN.
CHANGE OF PHASE OCCURS

¥ .30550418 06

LAN  .T72677591 02
WY -.24279053 00

QY -.71292128-02

BY .71292131-02

RAP  .25839524 03
BRO -.56085046 05

0 MIN. 0.000 SEC.

Y -.65300771 05

DEC 3234866 01
LAT ~.13234866 01
¥S -.12245029 ©9
YM -.27960045 05

YT -.27960045 05
VS  .30271009 02
ALT 32673605 06
0T .95999999 03

MCL  .34761284 03
PASSAGE
ECC  .98390672 00

€3 ~.10327606 01
MYA  .18000000 03

Y -.65300771 05
19334201 03
WY .54373785 CO
QY .75759675 00
BY -.75759681 00
21263510 02

~.3B170654 05

Y 31375881 06
72640962 €2
24521199 00
«51373503-02
BY .51373495-02
.25825708 03

BRO -.56407202 CS

13.046 SEC.
AT THIS POINT

13.046 SEC.

EARTH-MOCN FINE PRINT CHECK 1

GEOCENTRIC

X -.36523824 06
R .37391297 06
R .373912%6 06

+63035470 08
XM -.39855843 06
XT —.39855843 06
«147156177 09
—-.58489873 00

DUT  .35000000 02
CCL  .27724801 03
EPOCH OF PERICENTER
SHA 41596048 06
VH  .79604680-01
TA .16970044 03
HELICCENTRIC

X =~+63400707 08

R <14724600 09
XE ~.63035470 08
XT ~.63434028 08
LTE .21068411 02
EPS .76123524 02
MPS  .14696276 03
RPM  .39999999 05
GCE .82751986 02
REP .37391297 06
EPOCH OF PERICENTER
SMA  .16142968 09
VM ,26232624 02
TA  .86267643 01
SELENOCENTRIC

X «33320198 0%
R . .39999999 05
R .39999995 05
+91549292-01
«38261909 05
208387647 03

Y -.79984804 05
58094002 00

12199675 09
2934252 05

YT -,£2934252 05
VS .30271171 02
ALT .36753476 06
07  .12000000 03
MCL .34808360 03

PASSAGE

ECC .98686110 00
€3 -.95826562 00
MTA .18000000 03
Y .12191676 09

LAY .21053455 02
YE 12199675 09
YT .12193381 09

LOE .11732530 03

ESP  .14127420 00

MSP  .27453512-18

SPN  .75146158 02

GCT .25083558 03

VEP .10834134 01

PASSAGE
£CC  .868703843-01

€3 -.82211712 03
MTA .18000CC0 03

Y -.170%0552 05
DEC -.20652945 02
LAT -.95993432 01
LNS .28895195 03
SHA -,21802391 05
SVL -.64635958 01

IBSYS-JPTRAJ-SPACE 022665 13

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET

7 ~-.10968566 05 DX .25931991 00 DY .11600335 01 DI .13782209 00
APF  .18981315 03 MX -.53972122 00 MY .21199654 00 MZ  .81471371 00
W1 .57886649 00 PX -.19920705 00 PY =-.97005254 00 PZ ~.13897705 00
QZ -.80349170 00 RX  .27956510-01 RY .13613616 00 RZ -.99029559 00
B2 .80349173 00 TX -.97955856 00 Ty  .20115918 00 TZ .00000000 00
B .69124265 05 THA 430577043 03 T VECTOR IN ORBIT PLANE OF TARGEY

235610341576202246010000 J.0.= 2438045.27918167 JAN. 15,1963 18 42 01.297

EQUATORIAL COORDINATES

1 -.76477978 04 Ul ~+10983640 01 OY -.40011004 00 DZ  .91542422-0L

RA 419137723 03 +11725491 01 PTH .79600267 02 Al  .56048426 02

LON .15637924 03 VE »23991241 02 PTE .27553358 01 AZE 427028264 03
1S -.53096948 08 DXS 427504834 02 DYS .11598222 02 02S  .50298433 01
IM .23842704 05 OXM  .19794696-01 OYM -.90707679 00 OIM -.34663930 00
2T .23842704 05 OXT 41979469601 OYT -.90707679 00 DZT ~.34663930 00
RM  .40286656 06 VM .97125636 00 RT  .40286656 06 VT .97125636 00
LOS .26184554 03 RAS 429684354 03 RAM  .18398668 03 LOM  .14898868 03
DR 11532869 0L SHA  .32141168 06 DES -.21151193 02 DEM  .33928972 O1
TCL 34761284 03

GEOCENTRIC CONIC

235610215700202031610000 J.D.= 2438043.29111344 JAN. 13,1963 18 59 12.201

B .68963812 05 SLR 12322652 05 APO  .76570162 06 RCA  .62113059 04
ClL  .T70084353 05 TFP 17176910 06 TF  .28636265 00 PER  .39771055 0%
EA  .81696404 02 MA  .25913684 02 C3J -.13152964 01 TFI  .48000000 02

ALL VECTORS REFERENCED YO EARTH EQUATOR PLANE
T ~.T6477978 04 DX -.10983640 01 DY -.40011004 00 D2  <91542422-01
APF 418952475 03 MX .15098952 00 MY -.81575430 00 MZ  .55834295 00
Wl .82928852 00 PX  .92792951 0O PY .36110393 00 PZ -.92470128-01
QZ -.55111668 00 RX —.86174984-01 RY -.33535010-01 RZ ~.99571542 00
BZ .55111673 00 TX  .36265777 00 YY -.93192239 00 TZ .00000000 OUL
B .68963812 05 THA  .32639335 03 T VECTOR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET
I -.99715801 04 DX .25414384 00 DY .11361910 01 0l .13911048 00
APF  .18979365 03 MX -.53243060 00 MY .20482654 00 MZ .82131851 OU
nl .56967476 0C PX -.20152205 00 PY -.96945588 00 PZ -.13980041 00
Q2 -.80989311 00 RX  ,28452274-01 RY .13687447 00 RZ -.99017970 00
B2  +80989299 00 TX -.97907065 00 TY .20352069 00 TZ .00000000 00

B .68963762 05 THA  .30512236 03 ¥ VECTOR IN ORBLIT PLANE OF TARGET

235610364533202453712157 J.D.= 2438045.72794378 JAN.
MOON 1S THE CENTRAL BODY FOR INTEGRATION

1641963 05 28 14.343
COWELL EQUATIONS OF MOTION

235610364533202453712157 J.D.= 2438045.72794378 JAN. 16,1963 05 28 14.343

1BSYS~-JPTRAJ-SPACE 022665 14

EQUATORIAL COOROINATES

2 -.37911594 04 DX -.10184934 01 DY -.35201%941 00 DZ .11197415 00
RA  ,19235240 03 V.  .10834134 01 PTH  .808653605 02 Al .45730103 02
LON  .35535771 03 YE .27160095 02 PTE .22557630 01 AZE .27025929 03
1S -.52900267 08 DXS .27405061 02 DYS .11795732 02 DZs .51153816 0L
IM  .10317100 05 DXM  .11562157 00 DYM ~.89559930 00 DIM -.35050410 00
ZT  .10317100 05 DXT ,11562157 00 DYT -.89559930 GO0 DZT -.35050410 00
RM 40362852 06 VM  .96866896 00 RT  .40362852 06 VT .96866896 00
L3S .10033062 03 RAS .29732531 03 RAM .18897318 03 LOM  .35197849 03
DR .10690307 01 SHA  .36322043 06 DES -.21068411 02 DEM .14646888 Ol
TCL  .34808360 03

GEOCENTRIC CONIC

235610217570202671112157 J.D.= 2438043.33522507 JAN. 13,1963 20 02 43.446

B .67207116 05 SLR  .10858714 05 APQ  .8264556% 06 RCA  .54652607 04
€1 65789743 05 TFP  .20673089 06 TF  .13450417 01 PER L 44497717 05
EA  .84120820 02 MA  ,27875258 02 €3J -.13134935 01 TF1 58770290 02

EQUATORIAL COORDINATES

2 .52896477 08 DX -+28423554 02 LY -.12147752 02 DZ -.50034074 OL

LON .1L747590 03 vV +31312943 02 PYH  .70083631 00 AZ 10013326 03
1E  .52900267 08 DXE -.27405061 02 DYE ~.11795732 02 DZE ~.51153816 01
21 .52910585 08 DXT ~.27289439 02 OYT ~.12691332 02 DZT -.54658857 Ol
LIT  .21054316 02 LOT  +11748495 03 RST 414727953 09 VST  .30588548 O¢
SEP 410373514 03 EPM  .13596537 03 EMP  .40084709 02 MEP 439499116 01
SMP  .33028751 02 SEM .10763194 03 EMS  .72218416 02 ESM  .14968061 00
SIP 14447234 03 CPT .88422178 02 SIN .85931763 02

CPE .Bb6ABA4BS 02 CPS 410389195 03

HELIOCENTRIC CONIC

235607633273202062712157 J.Do= 2438037.54273608 JAN. 8,1963 Ol 01 32.39%

8 .16079307 09 SLR 416015949 09 APO  .17574911 09 RCA 14711025 09
€1 46103605 10 TEP  .70720194 06 TF -.13767469 03 PER  .40943282 03
EA  .TB950760 O1 MA . 71969675 01 TFI  +58770290 0¢

EQUATORIAL COORDINATES

1 -.1410082%9 05 DX -.11341150 01 DY .54357988 00 DI 46247825 00
RA  .33290034 03 Vo .13399933 0 PTH -.88527701 02 AL 425193470 03
LON .32067773 03 VP .13467491 01 PTP -.84073395 02 AP 27107525 U3
LTE ~.63668248 01 LNE  .10455312 01
ALP 213846899 02 DR =.13395509 01 OP  .49314625-04 ASD  +24904141 0L
HNG  «14753070 03 SIA  .13347496 03

SELENOCENTRIC CONIC

190




JPL TECHNICAL MEMORANDUM NO. 33-198

CASE

1

EARTH-MOCN FINE PRINT CHECK 1

EPGCH
SMA
VH

TA
F213

INC
wx

8x
SXI
sxo
ETE

BYQ

Sxe
ETE

870

>

INC
L1
Qx
BX

Sx1

SXC

ETE

BYY

2 CAYS 14 HRS.

CASE

OF PERICENTER PASSAGE

-+31620675
12451709
~.15919563
14143332

+33320198
+15282254
—«15724180
+19999401
~.50807510
-.84683798
297889550
-15534899

-+10481775

33320198
+17065987
-.15723914
« 19998046
50807475
84683798
~97888854
17665351

-+ 11047440

~+34936237
17339225
-11211723
+75322326
-+49700623
86047355
~<36311845
-17201818

—+11053411

—.34936237
16946995
211211723
«75322326

~+49700607
86041355

~<36311845
+17804142

=--11031585

1

o4 €CC
01 Cc3
03 MTA
03 ZAP
05 Y
03 LAN
oo LA 4
00 Qv
00 BY
oo SYI
00 SYO
03 ETS
04 BRQ
05 Y
03 LAN
oo LA
oo QY
[+ BY
00 sYl
(1)} syo
03 ETS
04 8RC
05 ¥ -
03 LAN
0o WY
00 QY
00 BY
oo Syt
oo S$YO -
03 ETS
04 BRO
05 Y
03 LAN
00 WY
00 Qv
00 8y
00 SY1
(14 sYo
03 €7S
04 BRT
46 MIN. 1

«10594037 01
«155045C5 C1
.16072189 03
14547150 03

~+1705¢552 05

+20013795 03
+42880291 00
-B89596468 €0

-.80757765 GO

+4C489764 00
+18671445 00
.3518802C 03

-35284216 03

~+21255887 (5

«25589910 03
+39498343-01
«97974701 00

~.86005494 00

«508670C9 00
.13827382 00
«13184719 02

-+5209%C39 02

-18967891 05
«10296419 03
-25810518-C1

-.65423562 00

+867C9756 00
+49746893 00
+92946225 00
«85493964 01

+37349521 02

-.18302078 05

+14215393 03
«14430097 00

-+65767596 €O

«86489749 00
«48075910 €O

-.91502409 CO

+14572627 02

~. 18842095 02

3.046 SEC.

EARTH=MCCN FINE PRINT CHECK 1

X

R

R
xS
XM
xT
RS
GED
out
L

EPOCH
S5MA
VH

TA

EPOCH
SMA
VH
TA

X

GECCENTRIC

—«38002094
©38534841

38936840

263429840
~¢39663938
~¢39663938

14715853
29693224
«35000000
27765387

06
s
06
08
06
06
09
00
02
03

CF PERICENTER

«48084759

06

»66817385-01

«16980938

03

HELIOCENTRIC

=+63809861

+14725191
63429840
63026480
»21037321
76050275
«14840544
«20246302
+82346128
«38936841

o8
09
8
08
02
02
03
(3]
02
06

OF PERICENTER

+16151694
226204656
+10162292

09
02
02

SELENCCENTRIC

+16618444
«20246302
20246300

05
05
(2]

+88137612-01

+18508212
#28394972

[+1]
03

Yy -
QEC
LAT
¥S
Y™
Yy
Vs
ALY
or
MCL

PASSAGE
ECC
c3
MTA

PASSACGE
ECC
(]
MTA

Y
DEC
LAT
LNS
SHA
SvL

+84781086 05

~:29497244 00
~+29492244 00
-.12182636 Q9
-.75786597 05
~+.715786597 05

+30271229 €2
=38299020 Q6
«2640000C0 03
+34791781 03

+98928614 00

~.82895419 00

-180C0000 03

«12174157 09
21022512 02
.12182636 09
12175057 09
11750409 03
14720910 €O
+27453512-18

ss1tiIn?
753111707 22

+25026394 03
11038421 01

+89494023-01

-+82167297 03

«18000000 03

~+B89944889 04
~+21040731 02
~+94878634 01

+28692650 03

~+10605897 05
=.€2957729 01

1BSYS—-JPTRAJ-SPACE 022665

15

12 46 46.016
18783868 03
-66038381 02
58770290 02
+63179035 01

46247825 00
=+29016846 00
-22664807 00

~+93865684 00

235610401415202402012157 J.D.= 2438046.03247703 JAN. 16,1963
B .11G59719 04 SLR  .38683569 03 AP0 .00000000 0O RCA
C1 .13771391 04 TFP -.26311673 05 TF  .66079088 02 LTF
EA -.18607764 03 MA -.593647385 03 C3J -.13134935 01 TFI
ZAC .88754508 02 DEF  .14144382 03 IR 437433771 04 GP
ALL VECTORS REFERENCED TU EARTH EQUATOR PLANE
Z -.14108259 05 0X -.11341150 01 543579 Dz
APF  .29751826 02 MX =.53044422 00 HV .79649823 00 Mz
wl -.88959617 00 PX ~.96709445 00 PY .11557205 00 [£4
QZ 39652248 00 RX -.31111935 00 RY .14875513 00 RZ
BZ -.299462%0 00 TX .43135854 00 TY .90218059 00 Tz

SZI  .34485263 00 DAl .20172800 02 RAI .15444619 03
S20 -.83025914~-01 DAD -.47625167 01 RAD .10798880 02
EIC .23880145 03

@

-00000000 00

+11059719 04 THA  .16139551 03 T VECTOR IN EARTH EQUATOR PLANE

ALL VECTORS REFERENCED TO ECLIPTILC PLANE

Z -.61604857 04 DX ~.11341150 01 DY .68270048 00
APF  .87401248 02 #X -.53043529 00 MY -.84617797 00

WZ -.98674230 00 PX -.96709254 00 PY .19619996 00

Gl .73510846-02 RX ~.13313504 00 RY  .79970214-01

BZ .46535647-01 TX .51491795 00 TY .85723947 00
SZI .15530671 00 DALl  ,89345865 01 RAI .14300803 03
SZ0 -.15045267 Q0 DAD -.86531606 01 RAQ  .B0401767 01
ETC .26010596 03

11059718 04 TH.

»

274
MZ
(43
R2
Tz

-20805109 Q0
=50654120~01
«16196162 00

-+98786629 00

-00000000 00

-18270003 03 T VECTOR IN ECLIPTIC PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET

~

-+44359930 04 0X 411536559 01 DY .66550951 00
APF  .53759416 02 MX -.47390972 00 MY .84003798 00
Wl -,99335722 00 PX 64813837 00 PY .715584742 00
Q2  .68014970-01 RX .95269299-01 RY .55078411-01
BZ -.33565706-01 TX .50050873 00 TY -.86573149 00
SZ1 11004486 00 DA}  .63179018 01l RAL  .30033660 02
520 -.65134412-01 DAD -.37345698 Ol RAOD  ,24866061 03
ETC .25547064 03

ALL VELTORS REFERENCED TO TRUE
2 -.66702963 04 OX  .11536559 01 DY .64312123 00
APF  .93335775 02 MX -.47390974 00 MY .87739358 00
Wl ~.98315922 00 PX  .648136837 00 PY .73934828 00
QZ -.10633056-01 RX 14726263 00 RY .82277772-01
BZ .70265966-01 TX .48774886 00 TY —.87298399 00
S2ZI  .16868881 00 DAI  .97115931 01 RAT  .29192725 02
520 ~,17570984 00 DAQO -.10119970 02 RAD .24835482 03
ETC  .26149387 03

114
Mz
(24
RZ
T

YAHGE‘

«14750169 00

—+30622630-01

+92792701-01

-.99392658 00

-00000000 00

«11059719 0% THA  .17806470 03 T VECTOR IN GCRBIT PLANE DF TARGET

EQU. PLANE

+22595300 0Q
«74733871-01
-18242844 00

=+98566932 00

+00000000 0O

B .11059723 04 THA .18408794 03 T VECTOR IN TRUE TARGET EQU. PLANE

235610373553202453712157 J.0.= 2438045.89461044 JAN.

18SYS-JPTRAJ-SPACE 022665

1641963

09 28 14.343

16

EQUATORIAL COORDINATES

1 -.20062063 04 DX -.10510077 01 DY -.30554540 00
RA  .19257649 03 vV .11038421 01 PTH .81448086 02
LON  .295417%9 03 ¥E «25345887 02 PYE  .22070219 01

15 -.52826378 08 OXS .27367567 02 0YS .11868919 02
IM  .52648547 04 DXM  ,15087¢09 00 DYM -.88926003 00
IT  .52648547 04 OXT .15087609 00 DYT -.88926003 00
RM  ,40384914 06 VM .96790145 00 RT  .40384914 06
LOS .40345138 02 RAS  .29750409 03 RAM  ,19081722 03
OR  ,10915691 Ol SHA .37812480 06 DES -.21037321 02
TCL  .34791781 03

GEOQCENTREIC CONIC

235610222710202757112157 J.De= 2438043.41004477 JAN.
B .70198728 05 SLR .10248266 0> APO  .95654345 06
€l .63913734 05 TFP  .21466647 06 TF 31407142 01
EA  .79912623 02 MA 23288669 02 €34 -.13116061 01

173
AL
AZE
o0zs
DZM
Dzt
vT
LOoM
DEM

13,1963
RCA
PER
TF1

+14315054 00
224997337 02
+27030094 03
«5147016% Ui

-+35112140 00
-«35112140 00

+96790145 00
+29365827 03
+74696826 00

21 50 27.868
+51517305 04
«55305814 05
«62770290 02

EQUATORIAL COORDINATES

T .52824374 08 DX -.28418574 02 DY -.12174464 02
LON 11766091 03 vV +31318880 02 PTH 83140136 00
IE .52826378 08 DXE -.27367567 02 11868919 02
IT  .52831643 08 DXT -.27216691 02 DYY -.12758179 02
LYT  .21022962 02 LOT 11766531 03 RST  .14726915 09
SEP .10380259 03 EPM  .13463025 03 EMP  .43325135 02
SMP 31590432 02 SEM .10582256 03 EMS  .74026270 02

SIP . 14348068 03 CPYT .8813ii20 & 02
CPE  .86121187 02 CPS .10388202 03

HELIOCENTRIC CONIC

235607545133202720712157 J.D.= 2438036.25832907 JAN.
B8 16086875 09 SLR  .16022333 09 APD  LL7597174 09
€1  .4s8ll2792 L0 TFP .H3257471 06 TF -.16850046 03
EA  .92941036 O1L MA 484659801 01

oz

AL
02€
oY
vsT
MEP
ESM

641963
RCA
PER
TF1

-.50039259 Ol

«10018118 03

-+51470764 01
~+54981978 Ol

+30557316 Q2
+20445681 01
+15130585 00

18 11 59.8632
14706214 09
«40976486 03
»62770290 02

EQUATORIAL COORDINATES

Z -.72690611 04 DX -.120168639 01 DY .%58371463 00
RA  .33157618 03 V¥ «14246235 01 PTH =.87529330 02
LON 31717110 03 VP 14278818 01 PTP -,85408324 02
LTE =.64515772 01 LNE .83822898 00
ALP  .1452048C 02 DR ~.14232992 01 OP .17379453-03
HNG 414897526 03 SIA .129705%0 03

SELENOCENTRIC CONIC

191

114
Az
AZP

ASD

«49427194 00
«25302176 03
+27278094 03

49247499 01



JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1 IBSYS-JPTRAJ-SPACE 022665 17
EARTH-POCN FINE PRINT CHECK 1

EPOCH CF PERICENTER PASSAGE 235610401415202320132157 J.De= 2438046.03247252 JAN. 16,1963 12 46 45.626
SMA -.3172702) 04 ECC  .10485189 C1 8 410002417 04 SLR  .31534100 03 APO  .00000000 00 HCA 015393609 3
VH  .12430823 01 C3 ,15452535 01 Cl  .12433825 04 TFP ~.11911283 05 TF  .66078979 02 LTF 66045389 02

TA -.15986293 03 MTA 16250177 03 EA ~.15124078 03 MA -.26739407 03 C3) -.13116061 01 TFL 462770290 02
ZAE  .13929939 03 ZAP  .14581398 03 ZAC  .88732472 02 DEF 414500352 03 IR 237483117 04 GP  .63427407 01

ALL VtCYDRS REFERENCED YO EARTH EQUATOR PLANE

X 16618444 05 Y -.89944889 C4 2z -.72690611 04 DX -.12018839 DY .58371463 00 DZ  .49427194 00
INC  .15320783 03 LAN  .20119881 03 APF 432660967 02 54744621 00 MY -.79121799 0C M2 ~-.21253899 00
WX ~.16299586 00 WY .42025423 00 Wl —-.89264747 00 95910654 00 PY  .14470652 00 P2 .24325828 00
QX .23140233 00 QY  .89579424 00 QZ  .37948207 00 RX —.31177721 00 RY .15027411 OO RZ -.93819648 00
BX -.50907484 00 BY -.81083228 00 BZ -.28877988 00 TX .43418891 00 TY .90082185 00 TZ .00000000 00
SXI -.84514789 00 SYI .40735450 cO SZI  .34610307 00 DAI  .20249145 02 RAL  .15426630 03
SXC .98430228 00 SYO  .13133370 00 SZ0 -.11790053 00 DAQ -.677095%34 01 RAD  .75999864 01
ETE .15594766 03 ETS .3521Cl66 03, ETC  ,23886763 03

e

BTQ -.95168008 03 BRQ  .30787750 03 8 .10002417 04 THA  .16207311 03 T VECTOR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ECLIPTIC PLANE

X .16618444 05 ¥ -.11143933 05 1 ~.30907656 04 DX -.12018839 01 DY .73217098 00 02  .22125359 OC
INC 17045377 03 LAN .25942098 03 APF  .92840171 02 MX ~.54744327 00 MY -.83432980 00 ML  .64728320~01
WX -.16299502 00 WY  .30441862-01 wl -.98615214 00 PX ~.95910595 00 PY .22953801 00 PZ  .16561040 00
QX  .23139799 00 QY .97282000 00 Ql -.82160951-02 RX -.13301820 00 RY  .80492880-01 RZ -.987/83955 OU
BX -.50907457 00 BY -.85879083 0O BZ .57631549-01 TX .51771731 00 TY .85555175 00 TZL .00000000 Qu
SXI -.864514786 00 SYI  .S51142164 00 SZ1  .15547651 0C DALl  .89444348 01 RAl .1488207/4 03

SXO .98430030 00 SYO .73589000~01 520 -.16041731L 00 0AO0 -.92311200 01 RAOD  .42756343 01
ETE .17721913 03 ETS .13373134 02 ETC .26013909 03

o

BTC -.99853784 03 BRC —-.58355180 02

3

10002415 04 VHA  .18334459 03 T VECTOR IN ECLIPTIC PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET
X ~.17898265 05 =.91911943 C4 ~+22553648 04 DX .12302910 01 LY .70081077 00 DZ  .15747996 00
INC  .17352846 03 LAN  .10823257 03 APF  .60970087 02 MX -.45500618 0C MY .89032310 00 MZ -.17430116-01

<
~

WX ,10709153 00 WY  .35277370-01 WZ -.99362798 00 PX 467334504 00 PY .73272656 00 Pl .98586392-01
QX 473153273 00 QY ~.£7961375 CO dZ  .54714629-01 RX  .95832273-01 RY  .54964307-01 RZ -.99387880 00
BX -.49522198 00 BY .868474C3 QO BL -.22540245-01 TX +49752356 00 TY -.86745046 00 TZ .00000000 OU

SXI  .86214063 00 SYI  .49447812 00 SZI  .11047579 00 DAl .63427441 01 RAI  .29836292 Q2
SXO -.42223364 00 SY0 -.90316365 00 §20 -.77573162-01 DAC -.44490844 01 RAC  .24494366 03
ETE .172%7501 03 ETS 87290175 01 ETC .25549498 03

B8T0 -.99998404 03 B8R

a

«22684570 02 B .10002413 04 THA ,17870047 03 T VECTOR IN ORBIT PLANE DF TARGET

ALL VECTORS REFERENCED TO TRUE TARGET EQU. PLANE
~.17898265 05 Y -.88558833 C4 Z -433373730 04 DX .12302910 01 LY  .67697488 00 02 .24008477 OC
INC  .16920086 03 LAN 414514047 03 APF  .98247403 02 MX ~.45500379 00 MY  .8u602322 00 MZ  .89070176-01

WX  .10709094 00 WY .15374263 00 W2l ~.98229010 00 PX  .67334467 00 PY  .71569824 00 PZ  .1b542631 00
QX 473153143 00 QY -.68127719 €O QL ~.26876957-01 RX 414761624 00 RY  .81798300-~01 RZ -.98565635 00
BX -.49522218 00 BY .86494579 00 BL .61386586-01 TX .48468852 00 TY -.87468682 00 TZ .00000000 00
SXI .86214063 00 SYI .47773632 00 SZ1  .16876468 00 DAY  .97160038 O1 RAI  .2899206¢ 02

SXQ -.42223235 00 SYD -.8H8742408 CO S20 -.18492721 CO DAQ -.10656890 02 RAD  .24455510 03

ETE .17861089 03 ETS 14764895 02 ETC  .26153086 03

x

B8TT -.99682555 03 BRT -.82590861 02 B .10002412 04 THA  .18473635 03 T VECTCR IN TRUE TARGET ELu. PLANt
2 CAYS 17 HRS. 56 MIN. 20.068 SEC. 235610401217202256565164 J.Do= 2438046.02663616 JAN. 16,1963 12 38 21.365
CASE 1 IBSYS-JPTRAJ-SPACE 022665 1y

EARTH-NCCN FINE PRINT CHECK 1

GEQCENTRIC EQUATORIAL COORDINATES
X =.39370375 06 Y ~.87062974 05 I .51784053 03 DX ~.19409183 Ol LY  .41802673 00 DI .64834569 QU
R .40321566 0& DEC .73585041-0C1 RA  .1924696% 03 ¥V .2U886029 0} PTH  .59831455 02 Az 30798739 03

R .40321564 06 LAY .73585041-01 LON  .24765127 ©3 VE  .30290947 02 PTE .34175406 Ol ALE  .27122424 03
XS  .63741859 08 ¥S -.12169063 €9 1S -.52767523 08 DXS .27337696 02 DYS .11926830 02 0ZS .517215%2 0l
XM ~.39475985 06 YM -.85897950 05 IM  .12583334 04 DXM  .17863677 00 DYM -.88345073 00 DIM -.35129676 U0
XT -.39475985 06 YT -,85897950 05 IV 12583334 04 LXT  .178638677 00 DYT -.88345073 00 DIT -.35129676 00
RS  +14715993 09 VS  .30271275 02 RM  .40399923 06 VM .96737050 00 RT 440399923 06 VT .96737050 00

GED  .74086506-01 ALT  ,39683745 06 LOS  .35282732 03 RAS 29764565 03 RAM  .19227594 U3 LOM  .24745760 03
OUT  .35000000 02 DT .30000000 €2 DR .1805703¢ 01 SHA  +39094342 06 DES -.21012%61 02 DEM 17846004 0O
CCL  .2780C318 03  MCL .33402653 03 TCL  «33402653 03

GEOCENTRIC CONIC

EPOCH CF PERICENTER PASSAGE 235610252335202634765164 J.D.x 2438043.96804659 JAN. 1451963 11 13 59.226
SMA -.16711740 06 ECC .19206555 O1 B .27403774 06 SLR 444936490 06 APG  ,00000000 00 RCA  .15385755 06
VH 15643942 01 €3 .23851533 01 Cl 442322232 06 TFP  .17786214 06 TE  .16532758 02 LTF -.30851336 01

TA .66583683 02 MTA 12137624 03 EA  ,67455208 02 MA  .94176516 02 C3J4 -.12929574 01 TFE 465938907 02

HELIOCENTRIC EQUATORIAL COORDINATES

X =.64135562 08 Y 12160357 09 Z .5276804) 08 DX -.29278615 02 DY -.11508803 02 D2 -.4523809% 01

R .14725917 09 LAT .20997946 02 LON  .11780784 03 vV .31782930 02 PTH  ,29341348 01 Al 499923428 02
XE ~.63741859 04 YE .12169063 09 IE  .52767523 08 DXE -,27337696 02 DYE -.11926830 02 OZE -.51721552 Ol
XT ~.64136618 08 YT .12160474 09 17 .52768782 08 DXT -,27159060 02 DYY -.12810280 02 D27 -.55234519 0Ot
LTE .21012561 02 LOE 411764566 03 LTT  .20998002 02 LOT .11780800 03 RST  .14726086 09 VST .30532382 02
EPS  .75675643 02 ESP .15211196 00 SEP  .10417224 03 EPM  .11668619 03 EMP  .63093561 U2 MEP  ,22017590 OU
MPS  .16612275 03 MSP .C0000000 Q0 SMP  .13877082 02 SEM  .10439096 03 EMS  .75456784 02 ESM 15211196 OU
RPM  .17380899 04 SPN .74769311 €2 .
GCE  .81996811 02 GCT ,23602335 03 SIP 476122749 02 CPT  .84107641 02 st
REP  .40321566 06 VEP ,20886029 01 CPE .85891898 02 CPS ,10387388 03

z

-.58923587 01

HELIOCENTRIC CONIC

EPOCH OF PERICENTER PASSAGE 235606420614202434565164 J.D.= 2438022.11539611 DEC. 23,1962 14 46 10.224
SMA  .16750454 09 ECC ,13111133 00 B .16605854 09  SLR .16462511 09 APO .lb946628 09 RCA .14554279 0y
VH  .24670312 02 €3 -,79230157 03 €l ,46741923 10 TFP .20659311 07 TF -.50793085 03 PR .43276033 03

TA .25914518 02 MTA .18000000 03 EA  .22802376 02 MA  .19891024 02 TEL  .65938907 O«
SELENOCENTRIC EQUATURIAL COORDINATES

X .10560991 04 Y -.11650243 04 1 -.74049290 03 OX -.21195550 01 DY  .13014775 01 0L  .99964245 00

R 217380899 04 OEC -,25216403 02 RA 231219243 03 V.  .26806048 Ol PTH -.74743889 02 AL  .26078864 03

R .17380897 04 LAT -,73609024 01l LON .29706478 03 VP .26818B005 01  PTP -.74650484 02 AIZP .27793066 U3
LTS .85465302-01 LNS .28532264 03 LTE -.65132043 01 LNE .67274375 00
ALT -.45776367-04 SHA -.416863C5 C3  ALP .30377679 02 DR -,25861384 01 0P  .23251989-01  ASD .90000000 02
HGE .28432435 03  SVL -.60294826 Ol  WNG 416747784 03  SIA .26686194 02

SELENOCENTRIC CONIC
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CASE

1

EARTH-MCCN FINE PRINT CHECK 1

EPOCH
SMA
VH

Ta
ZAE

x

INC
WX

BX
SXI
SXC
ETE

BTQ

x

INC
WX

BXx
SXy
SxC
ETE

BTC

=

INC
WX
ax
8x

SXI
SXC
ETE

=

INC
WX
ox
8x

SX1

SXC

ETE

BYT

CASE

CF PERICENTER PASSACE

~.3176477177
12426759
~.14186097
-13770351

10560991
»15325757
~.16384731
23598499
-.50959702
—«B84466851
98472650
+15635854

~<93320787

-1C560991
17041953
~+16384732
+23598504
=.50959710
~.84466852
+58472653
-17762070

~e98478553

-.17072027
«17353626
+10645493
.72817092

~e 49644642
86266453

~+43049277
«17297407

~.98634243

-«17072027
.16915818
-10645491
72817097

—e49444650
+86266451

~+43049266
17901415

--98305602

1

04
01
03
03

04
03
00
00
0o
o0
00
03

03

04
03
00
00
00
00
00
03

03

04
03
00
00
00
00
00
03

04
03
00
00
[1]4]
00

03
03

ECC

c3
HTA
[2.4

ETS

@
x
o

<

LAN

QY
8y
SYI
sYO
ETS

<

LAN
WY
Qv
BY

sY1

ETS

.104717C2
215442433
«16273738
«14599427

~.11650243
.20135351
«419C8968
-89564019
-.81108836
+ 40804349
12352237
35220839

30197967

~.13634529
+259889C0

+29218065-

.9717007C
-.85837121
+51219637

64511701~

.13470561

-+591662177

~.26328510
+10897661

»36606773-

~.68335567
86895537
+49353469
~+89910845
.88239332

+20805829

-.23838514
14553108
.16507303

~.68477315
-86523426
247678290

-.883198C0
-14864C07

-.83096680

EARTH-MOCN FINE PRINT CHECK 1

215563C36320

213406755133

1
a1
03
c3

04
3
co
co
oo

Qo
c3

03

C4
c3
01
00
co
co
al
a2

02

03
03
c1
00
c0
00
o
o1

02

03
03
co
00
00
co
00
02

02

8
ct
EA

ZAC

z
APF
wl

F4
sl
si0
ETC

-]

z
APF

QZ
Bz
s21
S0
£TC

B

214523646526 £12554325025
630101318
61344400154C 612562723572
12483

END TRAJECTCRY {SPACE)

1BSYS-JPTRAJ-SPACE 022665 19

235610401415202155327764 J.D.= 2438046.03246359 JAN. 16,1963 12 46 44.855

98656121 03 SLR  .30657376 03 APD .00000000 OC RCA 14975489 03
«12259761 04 TFP -.50348978 03 TF  .66078766 02 LTF  .66046055 0c
-«53987633 02 MA -.11291661 02 C3J -.12929574 04 TFE 65938907 U2
«H8726667 02 DEF  .14547475 03 IR 37492740 04 GP  .63501737 Ot
ALL VECTORS REFERENCED FO EARTH EQUATOR PLANE
-.74049290 03 DX ~.21195550 01 DY  +13014775 01 Dl .99364245 OU
33086642 02 ¥X -,77714300 00 MY -.61243373 00 ML -.14482228 00
-.89303844 00 PX —-.95784397 00 PY .14897102 0O Pl 424564717 00
+37701405 00 RX -.31196709 00 RY .15070544 00 Re ~.33506417 00
-.28713506 00 TX  .43498463 00 TY .90043788 00 TZ .00000000 OC
+34646153 00 DAl .20271038 02 RAL  .19421568 03
=+12270225 00 CAC -.70480841 01 RAD .71497390 01
+23888631 03
.98656127 03 THA  .16217605 03 T VECTOR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED TO ECLIPTIC PLANE
-+21588749 03 BX =.21195550 01 OY 415917410 ol bz .39936C9 OC
93589395 02 MX ~.77714299 00 MY ~.61948734 00 Mz 11077731 OC
—+98605283 00 PX -.95784399 00 PY .23440102 0O P  .16610562 OU
~+10419622-01 RX —.1329%074 00 RY  .B80643914-01 RZ -.98783097 00
«549242432-01 TX .51850609 00 TY .85507394 00 TZ .00000000 Ou
+15553128 00 DALl  .89476109 0i RAl  .14876790 03
-.16171%36 00 DAQ -.93064775 01 RAD  .37482217 O1
+26014847 03
98656128 03 THA .18343822 03 T VECTUR [N ECLIPTIC PLANE
ALL VECTORS REFERENCED TO ORBIT PLANE OF FARGET
-+19260247 03 DX .24311512 01 DY .10884874 01 bZ 430056464 L0
« 62006959 02 MX -.15457317 00 MY  .98778217 00 MZ  .19830499-01L
~+99364332 00 PX  .67707782 00 PY 72916713 QO PZ  <99402596-04
+52837809-01 RX .96003769-01 RY  .54924237-01 R -.99386447 00
-.20959839-01 TX 43658148 00 TY -.B6799011 00 TZ  .00000000 Ou
«11060468 00 DAL .63501754 01 RAL  .29774086 02
-a79245274-01 DAD -.45451852 01 RAD  .2444149)1 03
«25550184 03
98656184 03 THA .17879158 03 T VECTOR IN  ORBIT PLANE OF TYARGET
ALL VECTORS REFERENCED TO TRUE TARGET EQU. PLANE
~+22268204 03 DX .24311512 O} OY  .10447752 01 D2 .42847257 O0U
+ 98928698 02 MX -.15457314 00 kY  .917833566 00 M1 13771661 00
=.9821502& 00 PX 677077771 00 PY .71206567 00 PZ .18981723 OU
—+29193567-01 RX 414772316 00 RY  .81644573-01 RI -.98565308 00
»83020126-01 TX .48372284 00 TY -.817522124 00 TZ .00000000 QU
+16878379 00 DAL .97171146 OL RAL  .2u8928827 02
~+18611027 00 DAQ -.10725871 02 RAU 124401424 03
26154192 03
+98656181 03 THA .18483166 03 T VECTOR IN  TRUE TARGET EvU. PLANL
IBSYS-JPTRAJ-SPACE C22¢65 20
803416675431 204420666560 603534774303 EARTH
©201297 000000000000 INITIAL
6UL416525TLY 201516557516 201400455161 MOON
2356104C1217 202256565 104 END
A
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B. Check case 2 is an Earth-Venus trajectory made during the Mariner II
mission. The spacecraft injects near Earth-Sun phase change on September 5,
1962 and encounters Venus 100, 81 days later with a miss of 41, 000 km. Radia-

tion pressure was included as a perturbation on the spacecraft.
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START TRAJECTCRY (SPACE) 12483 a
CASE 1 1BSYS~JPTRAJ-SPACE 022665 1
EARTH-VENUS, RADIATICN PRES. ON CHECK 2
DOUBLE PRECISICN EPHEMERIS TAPE - EPhEML
GME  .39860063 06 J «16234500-02 H -.57499999-05 0 .78749999-05 RE  .63781650 04 REM  ,63783112 04
G .66709998-19 A .B8781756 29 B8 .88800194 29 C .88836976 29 OME  .41780741-02 AU .14959850 09
GMP  ,49026293 04 GMS  .13271411 12 GMV 32476627 06 GMA  .42977367 05 GMC  «37918B700 08 GMJ  <12670935 09
EGM  .39860320 06 MGM  .49027779 C4 JA  .29200000-02 HA  .00000000 00 DA .00000G00 GO RA  .34170000 04
RADIATIOM PRESSURE IANPUT
ARA  .3830C000 Ol G8 .3B83C0CCC CO MAS  .19822000 03 Gl  .00000000 00 GB2  .00000000 00 SC  .10200000 09
INJECTION CONDITIONS 195C.C VENUS 235575400641202000000000 J.D.= 2437912.51634260 SEPT. 5,1962 00 23 32.000
GEOCENTRIC X0-.14297C30 07 Y¥C-.19355307 07 20-.99998901 05 DX0~.17513577 01 DY0-.24185118 Ol GZ0-.10838549 00

CARTES]AN TC .1412CCCC 04 GHA
DATE CF RUN 022665A 12485

PRCBE IS CUT OF EARTH'S SHACCHW
0 CAYS 0 HRS. O MIN. 0.000 SEC.
GEOCENTRIC

X ~.1424209C 07 Y =.19394898
R .24083872 07 3 24194955
R .24083872 07 LAT ~.24194955
XS ~.14343227 09 ¥S  .42810504
XF -.27632510 06 YV -.27943325
X7 ~.88139502 08 YT -.41412272
RS .15083166 09 VS 229546049
GED -.24359640 01 ALT 424020091
DUT  .35000000 02 0T .3840000C
CCL  .60726652 02 MCL  .18216855

EPOCH CF PERICENTER PASSAGE
SMA -.46364059 05 ECC 411521704
VB ,29320965 01 €3 .85971900
TA  .14959338 03 MTA  .15021865

X -.14242090 07 Y ~.19394858
INC  .29204733 02 LAN  .23804503
WX -.41393320 00 WY .25820200
QX -.89615450 00 QY  .526628C0-
BX -.69847270 00 BY .52485511
Sxl -.30645804 00 SYl .86339652
SXC -.5837¢651 00 SYO -.81108219

87Q .25279208 05 BRY -.80585985

CASE 1

EARTH-VENUS, RADIATICN PRES. ON

HELICCENTRIC

X 14200807 09 Y -.4B482164
R +15005755 09 LAY  .25877623
RE 414242227 09 YE -.46662315

XT  .55292774 08 YT -.93751323
LTE -.22041709-03 LOE .34197892
EPS  .10831392 03 €SP .86857472
FPS  .10696074 03 MSP  .73425371
EPT  .14907056 03 ETP  .7C903655
SET  .4€190403 02 STE .S23C6048
SAC  .12104807-09
GCE  .29927335 03 GCT  ,97951616
REP ,24083872 07 VEP .29880095

EPOCH OF PERICENTER PASSACE
SMA 12695262 09 ECC  .19329428
VH  .26584071 02 C3 -.10453830

TA -.16376220 03 MTA .180000C0

X .14200807 09 Y -.48482L64
INC  .18778179 O1 LAN  .33323168
WX -,14758198~01 WY -,29256456-

CX ~.57453335 00 QY -.81783844
BX .57453348 00 BY .£1783862
BAP  .27152563 00 RAP  .14492Ct8
BYC  «124%5287 G5 GRL -.402864R9
0 CAYS 8 HRS, 31 MIN, 27.578 SEC.
CHANGE OF PHASE OCCURS AT THIS POI

10 CAYS 0 HRS. 0 ¥IN. (.000 SEC.
GEOCENTRIC

X =.29459900 07 Y -.39596960
R .49388766 07 DEC -.21538386
R .49388763 07 LAT -,21538386
XS -.14886089 09 ¥S .19932581
XM 235565800 06 YM 031766000
XT =,70143962 08 YT -.4675283¢
RS +15043795 09 VS .29604584
GED -.21685026 01 ALT  ,49324984
DUT  .35000000 02 0T 86399999
CCL  .58092838 02 MCL  .18001176

EPCCF CF PERICENTER PASSAGE

«34951€73 03 GHO .34361929 03

c7
o1
01

06
ce
02

C4
c3

01
oL
c3

o7
03
co
cl
co
co
a0

c4

08
00
o8
08
c3
co
00
00
02

c2
o1

co
Ccé4
03

08
03
(2}
co
co
c3

NT

o7
01
cl
ca
0s
08
c2
c7
Qs
03

EARTH IS THE CENTRAL BGOY FOR INTEGRATION  COWELL EQUATIONS OF MOT{ON

235575400641202000000000 J.D.= 2437912.51634260 SEPT. 5,1962 00 23 32.000
EQUATORTAL COOKDINATES

2 -.10167162 06 CX =.17445130 01 CY -.24233612 0L DZ -.11043330 00
RA  .23370936 03 V. .29680095 01 PTH  .893805%2 02 Al .60890383 02
LON .24419063 03 VE  .17546302 03 PTE  .97569593 00 AZE .27000513 03
2S 418564279 08 DXS -.87218607 O1 DYS —.25899198 02 DZS -.11230749 0O¢
IM -.81923071 05 DXM  .72901663 00 UYM -.58854660 00 CLM 21195625 00
21 ~.22861356 08 OXT  .21205738 02 OYT -.90988722 Ot 02T ~.55559090 01
RM  .40143479 06 VM ,97560880 00 RT  .10003094 09 VT .23734804 02
LOS .17386238 03 RAS  .16338111 03 RAM  .22532043 03 LOM  .23580169 03
DR .23878348 01 SHA =,22746660 07 CES .70698021 01 DEM ~-.11775395 02
TCL  .33871826 03

GEOCENTRIC CONIC

235574613015202237000000 J.D.= 2437903.65617178 AUG. 27,1962 03 44 $3.242
B .26532672 05 SLR  .15184072 0% APD  .00000000 00 RCA  ,70552368 04
CL 77797048 05 TFP  .76551875 06 TF -.88601707 01 LTF ~.88860944 01
EA  .25901344 03 MA  ,27738008 04 TFI  .00000000 OU

ALL VECTORS REFERENCED TO EARTH EGUATOR PLANE

Z ~,10167162 08 DX -.17445130 01 DY -.24233612 Ol DZ -.11043330 00
APF  .20544248 03 MX  .69203714 00 MY ~-.53365642 00 MZ 45603182 00

WZ .87288176 00 PX .15975330 00 PY  .96464240 00 PL -.20958783 00
=.44054739 00 RX .21561014-01 RY  .29956762-01 RI -.99931859 00
+4B648022 00 TX -.81163524 00 TY .58416456 00 TZ .00000000 OG
SI1 -.40072310 00 GAl -.23623391 02 RAI  .109542u5 03
§20 -.36909144=-01 DAC -.21152182 01 RAD  .23425600 03

B .26532672 05 THA  .34231856 03 T VECTOR IN EARTH tQUATOR PLANE

IBSYS-JPTRAJ-SPACE 022665 <l

CHECK 2

ECLIPTIC COURDINATES

Z  .67773075 06 0X  .69773477 01 UY  .25962118 02 DZ .86299610 00
LON  .34114987 03 V.  .26897207 02 PTH -.37969422 01 Al ,88140099 02
8024999 03 CXE .87218607 O1 DYt .28229385 02 DZE .22435188-03
“4358112 07 0xT  .29927599 02 DYT .17671232 02 DZT -.14772718 OL
LTT -.23674050 01 LCT  .30053131 03  RST  .1UBY3307 G5 VST .2478472) O/
SEP .70817518 Q2 EPM  .264704802 Ol EMP  .16501275 03 MEP  .12516767 02
SMP ,72305030 02 SEM  .64412562 02 EMS  .11544974 03 ESM 13759044 00
TEP .30220393 Q2 TPS  .46474513 02 TSP .40692629 02 STP .92432855 02
EST .41502947 02 RPM  .20183694 07 RPT  .97957366 08 SPN  .1081621i9 03

SIP  .46470888 02 CPT  .902446%1 02 SIN .90241014 02
CPE  ,65410268 02 CPS  .82023973 02

MELIOCENTRIC CONIC

235607570307202CC0000000 J.D.= 2438036.71365741 JAN. 7,1963 05 07 40.000
B .12455838 09 SLR  ,12220933 09 APU  .15149183 09 RCA 10241340 09
c1 40272698 10 TFP 10730648 08 TF  +12419731 03 PER  .28554¢206 03
EA -.16031381 03 MA -,15658301 03 TEI  .00000000 OO

ALL VECTORS REFERENCED TO ECLIPTIC PLANE
2 67773075 06 OX .69773477 0l DY .25962118 02 DZ +86299610 00U
APF 417168458 03 MX  .32278481 00 MY 94591574 00 MI  .32455293-01
nl 499946298 00 PX ~.81834785% 0O PY .57470334 00 PZ  .47389887-02
QZ -.32423543-01 RX =~,.34781855-02 RY  ,27235437-02 RZ -.99998855 00
B 432423550-01 TX 57470991 00 TY .81835721 00 TZ .00000000 QO

B +12455837 09 THA 35814192 03 T VECTCR IN ECLIPTIC PLANE

235575417630202712017425 JeDe= 2437912.87152289 SEPT. 5,i96Z G6 5% $9.57¢
SUN IS THE CENTRAL BCOY FOR INTEGRATICN  COWELL EQUATIONS OF MOY[ON

2355762465412020C0000000 JeDo= 2437922.51634260 SEPT, 15,1962 00 23 32.00U
EQUATORIAL COOKDINATES

1 -.18561650 06 DX -.18101584 Ol DY ~.22479057 01 DZ -.83382606-01}
RA 423335097 03 vV .28873355 Ot PTH  .87750933 02 AL .28278032 03
LON  .23397583 03 VE .36001616 03 PTE 45916459 00 AZE  .27000399 03
IS .86430340 07 DXS ~.38l169667 01 DYS -426933975 02 ClS -.11680031 02
LM -.15071250 05 UXM =.67912161-01 DYM 410293403 01 LIM 38498199 00
LT -.26364873 08 OXT .20130531 02 DYT -+33992765 01 DIT =-,25942825 01l
RM ,35739170 06 VM .11010743 01 RT  .BB323888 08 VT 220579691 0¢
LOS 417299827 03 RAS .17237341 03 RAM  .51038925 01 LOM  ,57287521 61
DR .28851113 O SHA -.43277103 07 DES 3293597« 01 DEM -.24168855 01
TCL 433497854 03

GEOCENTRIC CONIC

235574564071202610000000 JeDa= 2437903.11304470 AUG. 26,1962 14 42 47.063
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CASE 1 [BSYS-JPTRAJ-SPACE 022665 3
EARTH-VEAUS, RACIATICN PRES. ON CHECK 2

SMA -.48756741 0S ECC  .41369374 C1 8 .19572246 06 SLR  .78567839 06 APO  .00000000 00 RCA 15294685 06
VH  .28592468 01 €3 ,.81752926 0! €l .55961764 06 TFP 16764449 07 T€ -.94032976 01 LTF -,96835467 01
TA .10172830 03 MTA ,10398835 C3 EA  .22349110 03 MA .56328593 04 T#1 410000000 02

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
X -.29459900 07 Y ~.39596960 07 1 -.18561650 06 DX -.18101584 01 DY -.22479057 01 DZ -.83382606-01

INC  .16704314 03 LAN .2239434! 03 APF  .24862290 03 MX -.78739501 00 MY 57545474 00 MZ  .22105781 00
WX -.15560377 00 WY .16145121 CO wl -.97453917 OC PX .89220516 00 PY -.40047031 00 PZ -.20880321 00
QX -.42398209 0O QY -.50197519 CO G2 -.81732758-01 RX  +18089954-01 RY  .22456009-01 RZ -.99958412 00
BX .76325760 00 BY -.606¢2230 00 BZ ~.22236733 00 TX -.77874728 00 1Y .62733776 00 ¥z .00000000 QU

SXI -.1957408L 00 SYI -.97203C57.C0 SZl -.12978186 00
SXG -.62707687 00 SYD ~.77842342 CO SZ0 -.28836067-01

74569887 01 RAI  .25861443 03
+16524131 01} RAD  .23114601 03

BIC -.19236558 06 BRC .36093837 05 B 19572246 06 THA  .16937306 03 T VECTUR IN EARTH FQUATOR PLANE
HELICOCENTRIC ECLIPTIC COURDINATES
X  .14591490 09 Y -.25432486 C8 I 414052119 07 VX .20068083 01 VY .27261957 02 DZ .81851411 00
R 414812139 09 LAT  .54356693 CO LGN .35011285 03 V 427347971 02 PTH =.56579194 01 AL .B8222545 0¢
XE .14886089 09 YE -.21725787 08 2E  .21093750 03 OXE 38169667 01 OYE .29357488 02 DZE .72395800-03

XT  .78716934 08 YT ~.75108355 08 1T -.55886490 07 OXT  .23947498 02 CYT 425206705 02 UZY -.10270783 01
LTE .80337629~04 LOE .35169648 C3 LTT -,29404613 01 LOT  .31634385 03 RST  .10894427 09 VST .341783839 02
EPS  .11713199 03 ESP  .16742844 01 SEP 61193737 02 EPM  .29580944 01 EMP  .45491967 02 MEP  .13154992 U4
MPS  ,12009008 03 MSP 17042457 Ol SMP  .58205690 02 SEM 16725533 03 EMS 12714714 02 ESM L27976454-01
EPT  .15400725 03 ETP 14042330 01 TEP 424588486 02 TPS 46450702 02 TSP .33935479 02 STP 99573822 O¢
SET  .4%5688628 02 STE .9885253% 02 EST  .35458835 02 RPM  ,51828306 07 RPT  .838»8056 08 SPN  .11705800 U3
SAC  .12423331-09
GCE .3019C716 03 GCT  .96885707 02 SIP  .66486466 02 CPT  .90610493 02 SIN  .90606257 02
REP  .49348766 07 VEP  .24873355 01 CPE 465333436 02 CPS  .83681660 02

HELIOCENTRIC CONIC

EPOCH OF PERICENTER PASSAGE 23560760100720242000C000 J.D.= 2438036.91812644% JAN. 7,1963 10 02 064125
SMA 412711439 09 ECC  «19174311 CO B .12475574 09 SLR . 12244098 09 APO  .15148770 09 RCA  .10274108 09
VH  ,26609980 02 €3 -.1044C525 04 Cl .403108%0 10 TFP -.98843141 07 T  .12440178 03 PER  ,28608802 ¢3
YA -.15471579 03 MTA  ,1800COCC 03 EA —-.14952899 03 MA ~,14395794 03 TFI 210000000 02
ALL VECTORS REFERENCED TO £CL{PTIC PLANE
X 414591490 09 Y -.25632486 08 2  .14052119 07 DX 20068083 01 LY 427261357 02 CZ .81851411 00
INC  .18587005 01 LAN  .33311393 03 APF  .17172312 03 MX  .117133551 00 MY 98472437 00 MZ  +31016013-01
WX —.l4667434-01 WY ~.28928544-01 Wl .9994738% 00 PX -.81755167 00 PY .57583%63 00 Pl .46691515-02
GX ~.57566772 00 QY -.817053C6 00 Q2 -.32096611-01 RX -.38173207-02 RY .26886977-02 RZ -.99998870 00
BX .57566795 00 BY .817C5339 C0 BL  <32096624-01 TX .57584214 00 TY .81756091 00 TZ .000000060 OL
DAP  .26752399 00 RAP  .14484137 03
BTC .12469147 09 BRC ~-.400428C5 C7 B .12475575 09 THA .35816066 03 T VECTCR IN ECLIPTIC PLANE
20 CAYS O HRS, O MIN. 0.000 SEC. 2355771144412020C0000000 J.0.= 2437932.51634260 SEPT. 25,1962 00 23 32.000
CASE 1 IBSYS-JPTRAJ-SPACE 022665 “
EARTH-VENUS, RADIATICN PRES. ON CHECX 2
GECCENTRIC EQUATTIRIAL COORDINATES
X -.45979200 07 Y -.58249573 07 1 -.25234737 06 DX -.20370900 01 VY -.20667682 01 D2 -.75129508-01
R 74252727 07 DEC -.19475678 C1 RA  .23171426 U3 vV  .29029141 01 PTH .8368579% 02 Al .217412052 03
R 74252743 OF LAT -.19475678 C1 LON 422248272 03 VE «54147272 03 PTE .30530860 00 AZE .27000243 03
XS -.14998374 09 ¥S -.35242665 C7 1S -.15280270 07 EXS 412410337 01 DYS —.27232441 02 02S -.11807568 0.
XM -.30698800 06 ¥YM  ,23379312 Q& LM .10962314 06 DXM -.65192325 00 DYM -.70124340 00 UM -.21031082 0O
XT -.53836485 08 YT -.47594874 08 LT -,27452569 U8 DXT  .17380964 02 VYT .12471919 01 DZT -.13378858-02
RS .15003292 09 VS .297C7989 02 RM 40114537 06 VM .98029427 0O RT  .76923876 08 VT 17425654 0¢

GEC -.19608297 Ol ALT  .T74188545 07 LOS .17211453 03 RAS .18134607 03 RAM .14270815 03 LOM 13347661 03
DUT  .35000000 02 OT .86399999 C5 DR .28853043 01 SHA -,57189833 07 DES -.58354574 00 DEM 415459237 02
CCL  .54908527 02 MCL  .17902846 03 TCL  .32988437 03

HELTOCENTRIC ECLIPTIC COURDINATES

X .14538582 09 Y -.160328C2 C7 1 .20856723 07 Dx =-.32781237 01 DY 4217755994 02 DI 279229430 0u
R .1454C962 09 LAT .82184592 00 LON .35936818 03 .27959028 02 PTH -.73417984 Ol Al .88339303 02
XE .14998374 09 YE .38412655 07 1€ -.16750000 03 DXE -.12410337 01 DYE .296820%6 02 D¢t -.10054111-02
XT  .96147259 08 YT -.50746559 C8 62519542 07 OXT  .16139931 02 OYT  .30825770 02 NIT —~.49840641 QU
LTE -.63966244-04 LOE .14670947 Gl LTT -.32912470 01 LCT  .33217489 03 RST  .10889718 09 VST .34799049 07
EPS  .12737365 03 ESP  .22540303 Ot SEP  .50372315 02 EPM  .3093514C 01 EMP  .87329832 02 MEP  .89576652 02
MPS 12438191 03 MSP .23480519 01 SMP .53270038 02 SEM  .41534790 02 EMS  .13836342 03 ESM .101%9538 00
EPT  .15635381 03 ETP .22187835 01 TEP .21427371 02 TPS .45843535 02 TSP 27690426 02 STP  .10666604 03
SET  .44126349 02 STE .10641343 03 EST 29460212 02 KPM 74331404 07 RPT  .70064357 08 SPN 412732443 U3
SAC  .12891021-09
GCE  .30509147 03  GCY .94975840 C2 SIP  .45838464 02 CPT .90458623 02 SIN .90453552 02
REP  .74252727 07 VEP .2902914t C1 CPE 465895949 02 CPS  .85551184 02

<

30 CAYS O HRS, O MIN. 0.000 SEC. 235577762341202000000000 JeDax 2437942.51636260 0CT. $:1962 00 23 32.00u
GECCENTRIC EQUATORIAL COOKDINATES

X ~.65251300 07 Y =.75245952 C7 1 -.32267187 06 DX -.24711197 01 DY -.18707223 01 DZ ~.94630717-01
R .99649872 07 DEC -.18555933 01 RA 422906903 03 V. .31008046 01 PIH .78063383 02 AL 221032214 03

R .99649881 07 LAT -.18555933 Ol  LON 20998124 03 VE .72692499 03 PTE .23911980 00  AZE .27000028 03
XS -.1467C615 09 YS -.26886199 08 1S -.11658137 08  DXS 63318507 01  DVS -.26704604 02 OIS -.11580656 02
XM -.68798000 05 YM -.3646970C 06 IM -.13060500 06 DXM .98580331 00 UYM -.89724778~01  OZM -.1U839414 OV
XT -,40459242 08 YT -,44982925 C8 ZT -.26523195 0B  OXT 134165646 02 DYT .45558889 01 D21 .20502792 Ol
RS .14960440 09 VS .29788250 02 RM  .39343961 06 VM .99579515 00 RT 66059772 08 VI 114316545 0¢

GED -.18682299 0L  ALT .99586090 07 LOS .17129732 03  RAS ,190385'1 03  ®AM 25931701 03  LOM .24022923 03
OUT  .35000000 02 OT  .86399999 CS DR .30337560 Ol  SHA -.62315695 07 CES -.44693872 0L  CEM -.19387594 02
CCL  .50252467 02 MCL 18124768 €3  TCL .32224025 03
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JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1 [BSYS-JPTRAJ-SPACE 022665 s
EARTH-VENUS, RADIATICN PRES. ON CHECK 2

HELIGCENTRIC ECLIPTIC COMRDINATES

X .14018102 09 Y .22273076 08 I .26971427 07 DX -.88029703 01 LY  .27353559 02 DZ .65822661 00

R +14196508 09 LAT  .10886058 01 LON  .90281427 01 V. .28742699 02 PTH -.87820086 Ol AL .86503T1% 02

XE .14670615 09 YE .29304946 08 ZE -.34662500 03 DXE -.63318507 01 oYt .29107516 02 D2ZE  .81241129-03
XT  .10624691 09 YT -.22516788 C8 4T -.64386054 07 DXT  .70846950 01 OYT  .34103020 02 UZT  .69377898-01
LTE -.13275111-03 LOE .112963C7 02 LTT -.33927342 01 LOT  .34803441 03 RST  .10879737 09 VST  .34431217 02
€EPS  .13877656 03 ESP  .25157991 01 SEP  .38707622 02 EPM 013205838 01 EMP  .14428713 03 MEP 434392275 0¢
MPS  .13981677 03 MSP  .23858315 Ct SMP .37797382 02 SEM  .68658262 02 EMS  .11120125 03 ESM  .14040588 0U
EPT  .15442676 03 ETP 437334930 01 TEP .21839739 02 TPS  .44352715 02 TSP 421457243 02 STP 411419003 03
SET  .41039022 02 STE 11546660 03 EST  .23494375 02 RPM  .96428862 07 RPT  .56930815 08 SPN  .13873989 03
SAC  .13524168-09

GCE  .30974753 03 GCT .91987786 C2 SIP  .44346476 02 CPT  .89687296 02 SIN  .89681058 02

REP  .99649872 07 VEP 31008046 01 CPE .67059296 02 CPS .87620699 02

40 CAYS O HRS. O M{N. 0.000 SEC. -+ 235600630241202000000000 J.D.= 2437952.51634260 OCT. 15,1962 00 23 32,000
GEOCENTRIC EQUATORIAL COORDINATES

X ~+89645690 07 Y -.90925694 C7 Z -.43980175 06 DX -.32316777 01 DY -.18013377 01 0L -.19977844 00

R .12776218 08 DEC -.19727080 01 KA .22540614 03 V. .37051950 01 PTH 73706996 02 A2 .26572977 03

R «12776217 08 LAT -.19727072 C1 LON .19646200 03 VE  .93214765 03 PTE  .21899935 00 AZE 226999923 03

XS ~.13909721 09 ¥S -.49439307 C8 25 -.21438519 08 DXS  .11238484 02 DYS -.25377741 02 DS ~.110064352 u¢
XM .26497800 06 YM  .23467300 06 IM 67616500 05 OXM ~.70543385 00 UYMW  .76178503 00 UZM  .33864558 00
XT -.30873043 08 ¥V -.40179650 08 2T -.24108129 08 DXT  .B86948349 01 OYT  .62786872 01 0Z¥  .34134386 01
RS 414917067 09 VS .298568C8 C2 KM .36035642 06 VM 010920779 01} RT  ,56113733 08 vT  .11254938 0¢
GED ~.19861400 01 ALT  .12769839 08 LOS .17062259 03 RAS  .19956673 03 RAM  ,41529130 02 LCM  .12584992 02
Our  .35000000 02 OT  .86399999 05 CR  +35563928 01 SHA -.9%6965965 07 UES -.826305¢6 U1 DEM 10814963 U¢
CCL  .41557154 02 MCL  .17956780 C3 TCL 30900056 03

HELICCENTRIC ECLIPTIC COURDINATES
X 13013264 09 Y 445370412 08 I 432141952 07 DX -.14470161 02 LY .25928771 02 DZ  .53328121 0OC
R +13785249 09 LAT .13360396 01 LON  .19220979 02 V. .29697999 02 PTH -.99150500 01 AL .B4121579 02

XE +13909721 09 YE .53887430 (8 ZE  +37475000 03 DXE -.11238484 02 DYE 27660901 02 D2E -.61273575-04
XT  .10822417 09 YT .74332876 07 2T —.61330476 07 DXT =.25436489 01 0YT  .34779311 02 ULZY 63375914 OC
LTE .14393977-03 LOE .21176789 C2 LTT -.32358661 01 LOT  .39291406 01 RST  .10865237 09 VST 034877962 Oz
EPS  .15115231 03 ESP  .23683655 01 SEP  .26479337 02 EPM  .26318715 00 EMP  .93502329 01 MEP  .17035637 03
MPS  .15131390 03 MSP  .24163492 C1 SMP .26269122 02 SEM  .15819706 03 EMS 21751645 02 ESM  .51396029-01
EPT  .14878812 03 ETP  .£7759441 01 TEP 424435940 02 TPS .41815304 02 TSP 415954735 0z STP 12222996 0>
SET  .35698980 02 STE .12676150 €3 EST  .17539519 02 RPM  .13131621 08 RPT  .44794839 08 SPN  .15112370 03
SAC  .14343145-09

GCE  .31844284 03 GCT  .87443398 02 SIP  .41807374 02 CPT  .88201058 02 SIN  .88193128 02

REP  ,12776218 08 VEP .3705195C C1 CPE  .68955252 02 CPS  .B98T2999 02

50 CAYS O HRS. O MIN. C.000 SEC. 235601476141202000000000 J.0.= 2437962.516364260 0CT. 25,1962 00 23 32.000
CASE 1 1BSYS-JPTRAJ-SPACE 022665 [
EARTH-VENUS, RADIATICN PRES. ON CHECK 2

GECCENTRIC EQUATURIAL CODORDINATES

X ~.12182598 08 Y ~.10732624 C8 1 -.71985525 0& CX -.42535830 01 DY -.20558824 01 DZ -.48200572 00

R .16251865 08 VEC ~.23388711 1 RA  .22137940 03 V  .47488892 01 PTH 74116570 02 Al .25756036 03

R .16251864 08 LAY -,25386711 Q1 LCN  .l8257882 03 VE .1i385217% 024 PTF  .22080721 00 AZE  .20998646 03
XS =-.12735948 09 YS$S -.70529325 08 1S -.30982320 08 DXS .158/7/8383 02 0YS -.23311213 02 ©i07572 02
XM ~,40167300 06 YM  .36B811000 05 IM  .44580750 OS DXM -,13040566 00 CYM -.90233684 00 2850051 00
XT -,25464137 08 YT -,34625345 08 2T -,20852825 08 DXV .3859123C 0} LYT  .63074891 01 CZT 439413620 C1
RS .14876201 09 VS .2996162% €2 RM  ,40581238 06 VM .96908718 00 RY 47772137 08 VT .84028697 01
GED ~.25559488 01 ALT  .16245486 08 LOS 17017628 03 RAS .20897687 03 RAM ,17476380 03 LOM  .13596321 03
bUT  .35000000 02 BT  .86399999 05 DR .45675791 01 SHA -.43232363 07 DES -.l1863622 02 DEM  .63U69898 0L
CCL  .19765540 02 MCL  .177395C5 03 TCL  .28021402 03

HELIOCENTRIC ECLIPTIC COURDINATES
X .11517688 09 Y 166741462 C8 I .36090507 07 DX -.20131966 02 DY .23330238 02 N .3ra9veis 00
R .13316592 09 LAT  ,15530142 C1 LON 30090971 02 V. .30817797 02 PTH =,10676357 02 Al .88997368 02

XE +12735948 09 YE .76874577 08 IE -.29725000 03 DXE -.15678383 02 OYE .25408181 02 UZE -.68032741-03
XT  .10189534 09 YT .36811345 08 1T ~.53568093 07 OXT -.12019260 02 OYT  .32782931 02 DZT 11519040 O1
LTE -.11448601-03 LOE .31115308 C2 LTY -.28306284 01 LOT  .19863077 02 kST ,10447318 09 VST .369357499 0¢
EPS 16271230 03 €SP .18604239 01 SEP 415427260 02 EPM . 10706862 01 EMP 13155425 03 MEP 41375062 0O¢
MPS  .16198915 03 MSP  .19073919 01 SMP 416103431 02 SEM  .38573790 02 EMS 414132854 03 ESM  .9/7165341-01
EPT 14165444 03 ETP  .12184370 02 TEP .26161183 02 TPS .38059895 02 TSP .11124842 02 STP  .13081l526 03
SET  ,27162146 02 STE 14123952 03 EST  .11598330 02 RPM . 15979840 08  KPT  .33949931 08 SPN  .16268981 03
SAC  .15370481-09

GCE  .34023446 03 GCT  .80448473 02 SIP ,38049433 02 CPT  ,8%932632 02 SIN .85922168 02

REP  .16251865 08 VEP .47488892 O} CPE  .71495392 02 CPS  .92277241 02

£0 CAVS 0 HRS., O MIN. C.000 SEC. 2356023440412020C000C000 JaDu= 2437972.51634260 NOV. 4,1962 00 23 32.000
GEOCENTRIC EQUATURIAL CODRDINATES

X ~016374399 08 Y =.12775431 08 L -.13410055 07 DX =.54786100 O1 BY -.27682576 01 DZ ~.1GC034053 01

R .20811796 08 DEC -.36944057 CL RA 421796162 03 V. .62197459 01 PIH  .77591234 02 AZ  .24268670 03

R 420811795 08 LAT =-,36944057 Cl LON .16930462 03 VE 15156661 04 PTE  ,22963010 00 AZE  L2699TbB1 03

XS =.11178401 09 ¥s -.895C2878 08 34810484 08 DXS 420083005 02 VYS =-.204¥8341 02 LIS ~.88454037 01
XM 216354000 06 YV 431999500 06 3356550 06 DXM  .89676070 00 0YM  .47770286 00 UZM 10968220 UU
XT =.24075564 08 YT =.29725462 08 17432042 08 DXT -,53176284 00 DYT  .47914/60 01 02T .31026625 01
RS .14836672 09 VS 430034140 C2 WM .3833821% 06 VM .10219638 01 RT  ,42037031 08 VT .61401347 U1

GEC -.37195119 01 ALT ,208C5418 C8 LOS .17002645 03 KAS .21868345 03 RAM 229707023 03 LOM  .24841323 03

OUT  .35000000 02 DT 86399999 05 CR 60744492 Ol SHA -.41462561 07 DES ~+15164120 02 DEM ~.20388711 02

CCL .32567589 03 MCL  .18399321 03 TCL 21489162 03
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JPL

TECHNICAL MEMORANDUM NO. 33-198

CASE

1

EARTH-VENLS, RADIATICN PRES. ON

HELIOCENTRIC
X  .9540960% 08 Y
R .12803928 09 LAT
XE .11178401 09 YE
X7 .87708444 08 Yr
LTE -.83028001-05 LOE
EPS  .16665256 03 ESP
KPS .16620530 03 MSP
EPY  .13533242 03 ETP
SET  .14859359 02 STE
SAC  .16625977-09
GCE .34324107 02 GCT
REP  .20811796 08 VEP
95 CAYS 14 HKS. 20 MIN.
GECCENTRIC
X —+38114915 08 Y
R .51208876 08 DEC
R .51208875 08 LAT
XS -.33001654 08 Ys
XM .21883650 06 Ym
XT -.38807242 08 YT
RS 14732756 09 Vs
GEC -.12183443 02 ALY
BUT 435000000 02 or
CCL  .27278204 03 MCL
HELICCENTRIC
X -.51132605 07 Y
R .10968427 09 LAT
XE .3300165 08 YE
XT -.58055881 07 AAS
LTE .15089344-03 LOE
EPS .12888771 03 ESP
MPS  .12896576 03 MSP
EPT  .13656699 03 ETP
SET  .34155269 02 STE
SAC  .22656087-09
GCE .87217960 02 oCr
REP  .51208876 08 VEP

95 CAYS 14 HRS. 20 MIN.

ChANGE CF

97 LAYS 14

CASE

EARTH—

X
R
L]

EPOCH
Sma

Ta

x

INC
WX
Qax
8x

S$xi

SXC

B8TQ

€POCH
SMa
VH

Ta

PHASE OCCURS

HRS. 20 MIN.

.85300785
17240311
-975552C8
«63348316
41111584
18557237
«19113637
20367428
«1594265C

«£9215731
«62197459

28.24C SEC

~.32470177
-.12163416
=.12103417
-.13173211
«279114C0
—33876662
+30227691
51202459
«86399999
+17997888

.109522C9
«16022864
14358377
«10745695
+ 77055806
«15697150C
- 15755508
«41576438
«12977892

«32897C66
«1497418C

c8
c1
c8
08
c2
01
cl
c2
c3

c2
cL

a8
02
02
09
o6
o8
02
c8
cs
c3

<9
01
09
€9
02
02
c2
€2
03

03
c2

28.240 SEC.
AT THIS POINT

28.240 SEC.

VENUS, RADIATICN PRES. ON

GEGCENTRIC

~+39292249 08
+53658276 08
+53658275 08

~«27883219 04
251533499 05

-+39740388 08
14729161 09

~.12785775 02
35000000 02
27295560 03

CF PERICENTER
-.16336234 04
+15620431 02
«67172295 02

~e39292249 08
+34693322 02
21646323 00

-.4244C772 00

-.87924986 00

-.42447670 00

-.42433874 00

18735902 08
HELICCENTRIC

~+11409030 08
10884352 09
27883219 08

-.11857169 08
+10483430-03
+12662666 03
212687366 03
213814754 03
+35659721 02
+23007446~09
87044397 02
+53658276 08

OF PERICENTER
«12728584 09
«265861780 02

~«44R26488 02

Y -.34585061
12702049
.l270205¢C

13269048
+34426450
YT -.35496520
¥S .302338C3
ALT  .53651898
DT  .7688C0CO
MCL 17997039
PASSAGE
ECC  .12745618
C3 .24399787
MTA .90004494
Y -.34585063
LAN  ,223525¢1
WY -.5264159¢C
QY -.80917720
BY .26093175
SYI -.80915672
SYD -.80919767
BRU -.9083CH28
Y .10820414
LAT 15449947
YE L14662829
YT 10692755
LOE  .790870698
ESP  .16999598
MSP . 16993096
ETP  ,40772486
STE 12706242
GCT  .22328476
VEP  .l1562CuC?
PASSAGE
ECC 419193415
€3 ~.104284¢€2
MTA . luOCCCO0

o8
02
02
c9
06
c8
c2
ce
04
c3

cs
€3
02

08
c2
oo
0o
co
co
co

09
o1
c9
ce
ce
02
c2
c2
c3

c3
c2

co
Ca
[}

13

EST

sip
CPE

VE

z
RA
LON
s

IBSYS-JPTRAJ-SPACE 022665

CHECK 2

38521260
+41798249
-.215C0000
~.41676830
—+22058770
«11491716
«11B83337
+243001406
«57141354

33125852
« 74275088

o7
02
02
o7
oL
Q2
02
02
oL

02
02

oXx
v
DXE
oXT
10T
EPM
SEM
TPs
RPM

cer
CPsS

ECLIPTIC COCRDINATES

-+25561615 02 DY .19393148 02 DZ  .18180579
+32086187 02 PTH ~.10999625 02 Al  .B9333904

00
02

~+20083005 02 OYE .2233209%96 02 D2ZE .10894537~02

—+20614768 02 UYT  .28240895 02 CZIT  .1%836764
+ 35839082 02 RST  .1U82734% 09 VST .35000354
»10379981 01 EMP  .10045162 03 MEP  .78510362
+ 74141950 02 EMS  .L0571%53 03 ESM  .14213722
+33140288 02 TSP .71373136 Ul STP 13972239
+20738833 08 RPT  .24607579 08 SPN  .16663500

+ 82900689 02 SIN .82886251 02
«94776907 02

o1
0z
02
[0
03
03

235605301654202036557423 J.D.= 2438008.11389166 DEC. 9,1962 14 44 00.240

~.10737317
«2204277%
+2B8156642
~a97122265
«88068499
—.126841741
+36%544507
31707434
13951831
61752691

«30669425
292673030
+38800000
« 18397960
«97944912
+35415132
+35278724
+1856554C
« 16065797

+34203558
+80194516

08
03
03
08
05
08
06
03
(174
02

o7
02
03
o7
00
02
02
ol
0e

02
02

Lx

<

vt
0Xxs
DxM
uxT

VM
RAS
SHA

DX

<

DXE
DXT
Lcr
LPM
StM
TPS
RPM

cPT
cPs

EQUATORIAL COORDINATES

~+69861474 01 0Y -.11839936 02 DZ -.59359685
-164974180 0¢ PTH 468705464 02 AL 12448577
+ 36467468 04 PTE 21920553 00 AZE 20995161
29507771 02 DYS -.60166951 0L 0I5 -.26084710
~.85077953 00 LYM 59187484 00 UM 229572740

--55834932 01 DYT -.87147205 01 02T -.16056958
10777738 01 RT  .53052172 08 VT .10473777
«255935606 03 RAM  .51902136 02 LOM  .11304081

—+29675361 08 DES -.22812884 02 DEM  .13444961

01
03
03
oL
oG
Ot
02
Q3
ve

ECLIPTIC COCKDINATES

—+36493919 02 0Y -.66663640 01 DZ -.73618439
«37105101 02 PTH -.77066202 01 Al .90930744

00
02

—.2950777t 02 DYE .65577999 01 DZE -.45493245-03

~+35091265 02 BYT -.20763944 Ol UZT  .19933603
+93092518 02 RST  .10762939 09 VST  .35209114
«79129368-01 EMP 11268619 02 MEP  .16867161

«15557318 03 EMS  .24368171 02 ESM .58516955-

« 34345651 02 TSP .75079015 00 STP 414490348
«51567251 08 RPT  .25000002 07 SPN  .12888057

727123142 02 SIN .72581048 02
10226701 03

ul
02
03
o1
X}
03

235605301654202036557423 J.D.= 2438008.11389166 DEC. 991962 14 44 00.240

NUS

IS THE CENTRAL 8CDY FOR INTEGRATION COWELL EQUATIONS OF MOTIUN

235605426154202036557423 J.C.= 2438010.11389166 DEC. 11,1962 14 44 00.240

IBSYS~JPTRAJ-SPACE 022665

CHECK 2

~e11798440
«22135425
«28052158
-.57537650
12676712
~« 12997606
37046410
+31730000
14396972
«56240365

o8
03
03
o8
06
-]
06
03
02
[\F3

DX
v
VE
bxS
OXM
oXT
M
RAS
SHA

EQUATORIAL COORDINATES

~.66286404 01 DY —.12640377 02 DZ -.63478138
« 15620907 02 PTH .67168156 02 AZ 412255903
.38119831 04 PTE .21633%40% 00 ALE  .26995096
«23723858 02 DYS -.50734308 Ol D25 -.21989640C
—.10448186 O} uYM  .14998627 00 CIM  .l44l4l64
-+52048405 01 CYT -.956682U9% 01 NZT -.20150284
10653256 01 KT .54821537 08 VT .1lu75804
25813260 03 RAM  .8l4d6513 Q2 LOM . 14065384
—.3182203% 08 DES -.2/9941d3 02 DEM  .20010029

GEOCENTRIC CONIC

vl
03
03
Ci
00
ot
Ue
03
02

235602414265202766557423 J.0.= 2637973.47138803 NOV. 4,1962 23 18 47.921

sup
TEP
EST

sty
CPE

8
ctL

+20821537
«32524142
91665289

~+11798440
«13555276
82221037
-.4D633771
39854021
~ 40630644
=+40636898

+20821537

+29366385
«96019018
+26950000
+21811440
cll6l4e574
36373740
+36133232
+10799443
«17277850

«36422580
80256417

08
09
02

08
03
00
00
00
00
ao

08

07
02
03
o7
o1
02
02
22}
02

02
02

SLR
TP
Ma

Cx
MX
Px
RX
Tx
DAl
Dag

THA

DXx
v
DXE
LXT
Lor
EPM
SEM
TPs
RPM

ey
LPS

«26538339 12 APC  .00000000 00 RCA 220819906

31659123 07 TF  .60955044 02 LTF  .60943602
17344532 07 TFL 91597547
ALL VECTORS REFERENCED TO EARTH EQUATOK PLANE
~+662086404 O1 DY -.12640377 02 DI -.63418138
+64569879 00 #Y =.55448232 00 MZ -.52499747
~.87921653 00 PY 226099523 00 P¢  .39857208
.18872320 00 RY .35988790 00 RZ -.91370904
-.88561853 00 TY 66441341 00 ¥Z .00000000

-.23973022 02 KAl .242318488 03
—.23976943 02 RAO  .24232773 03

33413609 03 T VECTUR IN  EARTH EQUATOR PLANL

ol
ue
02

[/
00
ou
ou
ou

€CLIPTIC COUKDINATES

~+36352499 02 DY -.85929000 ¢l DZ -.79604676
«37362760 02 PTH =.73091441 01 Al  .91033023
~e29723858 02 DYE .55294794 01
-.34928699 02 LYT =.40493277 01 DZT 19563566
96327662 02 RST  .1U760506 09 VST 435217018
«24787221 00 EMP  .38850396 02 MEP L 14090146
«17568275 03 EMS 43084117 Ol ESM . 00000000
+36651964 02 TSP .49218042 00 STP  .14285578
+53946285 08 RPT 15486327 07 SPN  .12661984

«72903288 02 SIN .72673901 02
10247121 03

HELIQCENTRIC CONIC

235607604571202316557423 J.D.* 2438037.00636124 JAN. 7.1963 12 U9 09.61>
RCA

00
Oe¢

«90044736-03

212491931 09 SLR  .1225968U 09  APG 15171634 09 L10265535 09
£40336490 10 TFP =.23235094 07 TE .12449002 03 PER  .28666702 03
EA 40984314 02 MA -.33771896 02 TEL 97597547 0c

198




JPL TECHNICAL MEMORANDUM NO. 33-198

ALL VECTORS REFERENCED TO €CLIPTIC PLANE
02z

CASE 1 I[BSYS—JPTRAJ-SPACE (22665
EARTH-VENUS, RADIATICA PRES. ON CHECK 2
X =+11409030 08 Y .10820¢414 C9 I .29346385 07 DX -.36352499
INC  .18584504 01 LAN  .33224521 €3  APF  .17258636 03

WX =.15102577-01 WY
QX -.57573879 00 QY

-«28699463-01 LY3
-.81700073 00 Qz

+99947400 00
-+32159537-01 RX

«34208974-02

£Y -.85929000 01
MY -.10%35814 00
PY .57592164 00
RY +24100104-02

DI -.79604676 00
MZ -.18022150-ul
PL  .418457176-02
RZ ~.99999103 00
TZ .00000000 OC

ECLIPTIC PLANE

ECLIPTIC COORDINATES

DZ -.27524033 01
AZ  .24107256 03

ASD  .22938678 00
£491962 19 45 164119
RCA  .42565318 05
LTF  .10077004 U3

TFL 97597547 O¢
GP -.30196549 02

02 -.27524033 01
ML =.42258339 00
Pl -.49939815% OU
RZ —.86573101 Ou
T2 .00000000 Ov

8X 57573890 00 BY .8170C090 Q0 BZ .32159544-01 TX 57592680 00 TY .81750127 00
DAP  .23975927 00 RAP  ,14483543 C3
BTC .12485467 09 BRC -.40173818 07 B 412491929 09 THA  .35815706 03 T VECTOR IN
APHROCIOCENTRIC

X 444813947 06 Y 12765691 C7 T 75349489 06 DX -.14238000 01 OY -.45435722 01

R .15486327 07 DEC  .291144C0 C2 RA 70656657 02 V. +54997253 01 PTH -.88076883 02
ALT  .15424327 07 SHA  .93510054 C6 ALP  .44169141 02 DR -.564966278 01 DP  .6Y282368-05
HGE  .23337333 03 SVL  .29755C04 02 HNG 22464570 02 SIA  .13791816 03
SAC  .23007446-09

APHRODIOCERTRIC CONIC
EPOCH CF PERICENTER PASSAGE 235605635463202017157423 J.D.= 2438013.32310322 DEC.
SMA -.10888129 05 ECC  .49093327 C1 B .52332792 05 SLR  .25153263 06 APO  .000000CG0 00
VH  .54614609 01 C3 .29827556 02 Cl .28581342 06 TFP -.27727588 06 TF  .10080676 03
TA ~.99823254 02 MTA  .10175304 03 EA -.23297472 03 MA ~. 79687521 O4
ZAE  .13737671 03 ZAP  .36622976 02 IAC  .72228841 02 DEF  .23506073 02 IR .13170148 05
ALL VECTORS REFERENCED TO ECLIPTIC PLANE

X 244813947 06 Y .12765891 07 1 75349489 06 DX =~.14238000 01 DY =~.45435722 0L
INC  .13987522 03 LAN .20929608 03 APF .23079818 03 MX  .90377507 00 MY -.67839262-01
#X =~.31534191 00 WY 56202240 00 Wl -.76464279 GO PX .84115457 0O PY ~.20748265 00
QX -.43932598 00 QY -.80067352 00 €2 -.407325%2 0C RX  .14960904 00 RY  .47762633 00
8X .91301253 00 BY ~.40041880-01 BZ ~.40596154 00 TX -.95428022 00 TY .27891348 00
SXI -.25877867 00 SYl -.82614998 00 SZ1 -.500%50952 00 DAL 30033716 02 RAI .25260764 03
SXC -.60145228 00 SYD -.74162469 CO $20 -.29706229 00 0AQ -.17281242 02 RAD  .23095819 03
ETE .31588812 03 ETS .47608824 02 ETC .26220584 03
BYC -.46222361 05 BRC .2454C072 C5 B 52332798 05 THA 415203557 03 T VECTOR IN

99 CAYS 14 HRS. 20 MIN., 28.240 SEC.

235605552454202036557423 J.D.= 2438012.11369166

DEC.

ECLIPTIC PLANE

13,1962 14 44 00.240

EQUATURIAL COOKDINATES

DI -.67974975 0L
Al .12098424 03

ALE  .26995005 03
LZS -.17867313 Ul
OIM -.31415671-01
BZT -.24227590 01

YT  .11685822 0¢
LOM  .16835911 03
DEM 21067397 02

ECLIPTIC COORDINATES

UZ -.87625891 0C
Al 291164229 02

DZE -.11229217-0¢
D21 W191310a0 Ul
VST .35224305 O¢
MEP  .11427372 03
ESM  .69941139-01
STP 413997590 01
SPN  .12437414 03

ECLIPIIL COGRUINATES

DZ -.27893649 01
Al .23340268 03

ASD 59433147 00

14,1962 19 54 52.989

RCA  .410%6295 05
LTF  .10077715 03
THL  .99597547 0¢

GP —430416798 02

02 -.27893649 01
MZ =.52917325 0U
PZ -.58358692 00
RZ =-.86394197 00
TZ .0C000000 OG

ECLIPTIC PLANE

GEGCENTRIC
X =.40401515 08 Y -.36840644 08 1 -.12933012 08 bX -.62034065 01 DY -.13476355 02
R .56185213 08 DEC -.13307983 02 RA 22236052 03 VvV  .16318712 02 PTH  .65605731 02
R .56185212 08 LAT -,133C7983 C2 LCN  .27955649 03 «39813214 04 PTE .21388054 00
XS -.22730310 08 ¥S -.13348523 09 1S -.57882082 OB .29906197 02 DYS -.41233147 01
XK -.12793600 06 YM  .33046900 06 % .13650800 C6 99311662 00 OYM -.30104887 00
XT -.40601382 08 YT -.37181991 C8 LT -.13341116 08 DXT -.47487231 01} LYT -.10398957 02
RS .14725933 09 VS .30241936 C2 RM  .37975230 06 VM  .10382187 01 KT 56657099 08
GEC -.13395416 02 ALT .5617€835 C8 LOS  .31753213 03 RAS  ,26033617 03 RAM  .11116315 03
ouT  .35000000 02 OT  .384000C0 G4 DR .14861859 02 SHA =.34020608 08 DES -.23145176 U2
CCL  .2732C€710 03 MCL  .17997388 C3 TCL  .47981662 02
CASE 1BSYS-JPTRAJ-SPACE 022665
EARTH-VENUS, RADIATICN PRES. ON CHECK 2
HELICCENTRIC
X -.1787120% 08 Y .10654955 €9 Z  .279C8750 07 DX -.36109603 02 DY -.10574465 02
R .10804l04 09 LAT  ,ieB0g061 C1 LCN  .99416771 02 v PTh —.69360767 01
XE .22730310 08 YE +14549448 09 ZE  .92500000 02 UXE DYE .44937860 O1
XT -.17871072 08 YT .10605811 C9 2T .25155560 07 DXT -.34654920 02 LYT -.60106769 U1
LTE .35989975-04 LOE .81120568 02 LTY  ,13398415 01 LOT  .99564643 02 KST 10758265 09
EPS  .12438064 03 ESP  .18353928 C2 SEP  .37265422 02 EPM  .35200672 00 EMP  .653742386 G2
MPS  .12473202 03 MSP .18283875 02 SMP  ,36984094 02 SEM  .15141594 03 EFS  .28513518 02
EPT  .14195066 03 ETP  .37676784 C2 TEP .37266289 00 TPS  .39820246 02 TSP .20367177 00
SEYT .37029535 02 STE .12447948 €3 EST .,18490979 02 RPM  ,56342391 08 RPT  ,59771421 06
SAC  .23350494-09
GCE .567328%8 02 GET  L,31477456 03 SIP  ,39225915 02 CPT  .74211037 02 SIN  .73616706 02
REP .56185213 08 VEP .16318712 C¢ CFE  .80204715 02 CPS 410263574 03
APHRODIOCENTRIC
X «19986693 06 Y  .49144134 06 2 .27531963 06 DX -.14546834 01 0Y -.45637881 01
R +59771420 06 DEC .27627178 02 RA . 67B6BOLL C2 V. .55429975 0L PTH -.85207307 02
ALT  .59151421 06 SHA  .384395%86 C6  ALP ,35237306 02 CR ~.55236167 01 DP  .44393976-04
HGE  ,.23561935 03 SVL .28408768 C2 HNG  .29165777 02 SIA  .14135633 03
SAC  .2335C494-09
APHRODIQCENTRIC CONIC
EPOCH CF PERICENTER PASSACE 235605635703202176457423 J.D.= 2438013.32977995 DEC.
SMA ~.10957719 05 ECC  .47467921 OL 8 .50846749 05 SLR  .23594199 06 AP0 .00000000 00
VH  .54440910 O1 C3 .29638127 02 CL  .27681402 06 TFP =.10505275 06 TF  .10081344 03
TA -.91325650 32 MTA  .10216153 03 EA -.13054374 03 MA ~,29904413 04
ZAE .13756818 03 ZAP  ,3B8744029 C¢ Zal 71997402 02 DEF .24323087 02 ER 413202868 05
ALL VECTORS REFERENCED TD ECLIPTIC PLANE
X 19986693 06 Y 449144134 06 2 .27531963 06 0X -.164546834 01 DY -.45637881 Ol
INC  .13544702 03 LAN  .21605784 C3  APF  .23628756 03 ¥X  .84714916 00 MY -.48073528-~01
WX =,41294321 00 WY .56716239 CO wl ~.71260215 00 PX 479759734 00 PY =.15251371 00
QX ~.43967468 00 QY -.80936020 00 RX 415259088 0U KY .47991695 00
BX .87232406 00 8Y .21410553-CL TX ~.95298885 00 TY 30300536 00
SXI -.26177905 00 SYI -.823327C8 €O 21 DAl =,30237889 02 RAT 025236179 03
SXC -.59783565 00 SYO ~.1759C6543 00 $20 -.25770509 00 DAQ ~-.14933933 02 RAD  .23177622 03
ETE .31441521 03 ETS .43093204 02 €TC .26214139 03
8TC ~-.41939799 05 BRC  .28747954 05 B 50846747 05 THA .14557101 03 T VECTCR IN
100 CAYS 19 HRS, 31 MIN. 50.356 SEC. 235605635712202455507515 J.D.= 2438013.33011986 DEC.

199

1441962 19 55 22.357



JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1 IBSYS-JPTRAJ-SPACE 022665 11

EARTh-VENUS, RADIATICN PRES. CN CHECK 2
GEOCENTRIC EQUATORIAL CODCRUINATES

X —.41051522 08 Y -.38296840 08 2 -.13673227 08 DX ~.74023303 01 DY —.148993380 02 DI -.72436947 Ol

R 57782631 08 DEC -.13687849 (2 RA  .22301170 03 vV 18112614 02 PTH  .68235511 02 Az .12000563 03

R .57782630 08 LAT -.13687850 02 LCN  .20116672 03 VE .40881274 04 PTE .23575764 00 AZE  .26995292 03

XS -.19582444 08 ¥S -.133888C3 09 IS -.58056638 O8 DX5  .30000255 02 0YS ~.35421509 Ot bZS 5347133 0L

XM ~.22577100 06 YM  .28624600 06 IM 12788150 06 DXM -.85772726 0C DYM -.53310859 00 UIM -.1308B4948 00

XT -.41084044 08 YT -.383C0817 C8 LT -.13648677 OB DXT =-.44341004 01 LYT -.10892721 02 DIT -.26687897 01

RS .14724146 09 VS  .302476C2 €2 RM  .38634569 06 VM .10183430 01 RY  .57802575 08 VT 212059645 02
GEC -.13777587 02 ALT  .57776254 C8 LCS .23983393 03 RAS .26167892 03 RAM  .12826393 03 LOM 10641894 03
DU¥  .35000000 02 NT  .24000000 03 DR 16821471 02 SHA -.35392949 08 DES ~.23222040 02 DEM  .19329651 02
CCL  .27338419 03 MCL  .17998C13 ¢3 TCL  .32630208 03

HELECCENTRIC ECLIPTIC COURDINATES
X =.21469078 08 Y .105358C6 C9 1 .26909640 07 DX =.37402585 02 DY -.12654299 02 DI -.73542869 00
R <10755688 09 LAT .14336311 C1 LON 10151762 03 V439492093 02 PTH -.71978411 01 AL 90894727 02

XE  .19582444 08 YE  .14593346 C9 ZE -.26000000 02 OXE -.30000255 02 DYE  .38603337 0} DZE ~.11356771-02
XY -.21501601 08 YT .10536418 09 2T .27150700 07 DXT -.34434355 02 OYT -.71950176 Ol LZT  .18B38057 UL
LTE ~.10117328~-04 LOE  .82357275 02 LIT 14463002 01 LOT  .10153394 03 RST  .10756998 09 VST .35228423 0¢
EPS  .12301625 03 ESP  .19211890 €2 SEP  .37771855 02 EPM 37813586 00 EMP ,B0750821 02 MEP  ,98871065 U«
MPS  .12339400 03 MSP  .19108989 C2 SMP .37497010 02 SEM  .13659432 03 EMS  ,43302563 02 ESM  .10326686 0C
EPT  .11913395 03 ETP  .6083C594 02 TEP  .35663121-01 TPS .10864178 03 TSP .19782341-01 STP  .71337549 0¢
SET .37800l69 02 STE +12297074 03 EST  .19229084 02 KPM . 57843469 08 RPT  .40941986 05 SPN 412300993 03
SAC  .23561189-09

GCE  .B66145805 02 GCT  .23291788 C3 SIP .99931756 02 CPT  .11913896 03 SIN  .11042493 03

REP  .57782631 08 VEP .18112614 C2 CPE  .80314032 02 CPS  .10271886 03

APHROC ICCENTRIC ECLIPTIC COGRDINATES
X 325227179 05 Y ~.61173124 C4 2 ~.24105883 05 DX -.29682299 01 TBY -.54592814 01 DI -.20192343 0}
R .40941986 05 DEC -.36070585 C2 RA  .34934751 03 V  .67434806 01 PTH  .12660726-06 Al .24127988 03
ALT  .34741986 05 SHA -.38789263 CY ALP  .12302112 02 DR .647704695-07 UP  .94370840-02 ASD  .87100270 0L

HGE .23698374 03 SVL -.31715%798 €2 KNG 211207159 03 SIA 110642393 03
SAC  .23561189-09

APHRODIOCENTRIC CONIC

EPOCH CF PERICENTER PASSAGE 235605635712202455501126 J.L.= 2438013.33011986 DEC. 14,1962 19 55 22.356
SMA -.10968193 05 ECC  .47327923 C1 8 .50738202 05 SLR  .23471190 06 APO  .00000000 00 RCA  .40941986 05
VH  .54414910 01 €3 ,29609825 C2 €1 .27609149 06 TFP  .98943083-04 TF  .10081377 03 LTF 10077751 03
TA .25613208~05 MTA  .102i980C6 C3 kA .00000000 0OC MA . 28124896-0%5 TFL 10081377 03
ZAE .13776095 03 ZAP  .39980848 C¢ ZAC  .71962126 02 DEF  .26396129 02 IR .13207785 05 GP -.30447669 0¢

ALL VECTORS REFERENCED TO ECLIPTIC PLANE
X  .325227719 0S5 Y -.€1173126 C4 I ~-.24105883 05 DX ~.29682299 01 DY -.54592814 01 DI -.26192343 01

INC  .13514175 03 LAN  .21640519 C3 APF  .23658779 03 44016288 00 nyY 80956431 00 M -.38840984 00
WX -.41862255% 00 WY .56769796 CO W2z -.70885411 00 PX 79436250 00 PY 4941416 00 Pz -.58878147 0O
CX -.44016288 00 QY -.8C956431 CO QZ -.38840984 00 RX .15312781 QU RY  ,43022248 00 RI -.86367711 QO
BX .86943101 00 BY .25013427-Cl BZ ~.49342078 0C TX -.95273657 00 TY 230379766 00 TZ .00000000 Qu

SXT -.26238309 00 SYI -.82285679 CO SZ1 -.50404540 00 30268004 02 RAL  .25231415 03
SXC -.59806759 00 SYC -.75971682 €O §20 -.25523606 00 DAO -.1478B7573 02 KAD  .23178931 03
ETE  .31364342 03 ETS .405794¢2 C2 ETC  .26212929 03

CASE 1 1BSYS-JPTRAJ-SPACE 022665 L2
EARTH-VENLS, RADIATICN PRES. CN CHECK 2
BTC ~.41642857 05 BRC .2898B6852 C5 8 .50738202 05 THA .14515891 03 T VECTCR IN ECLIPIIC PLANE
625535C30676 625730425255 6216C6475633 60170261755 602465443457 575673744666 EARTH
€2090C5CC 2332000 00000C000000 INIFIAL
217773675412 214745625452 €176CCL55411L 602576054657 602772507364 6034446441742 VENUS
2356056351712 202455507515 END
ENC TRAJECTCRY (SPACE) 12495 A

200




JPL TECHNICAL MEMORANDUM NO. 33-198

C. Check case 3 is an Earth-Mars trajectory made during the design phase of
the Mariner C mission. The spacecraft injects near the Earth on November 11,
1964 and encounters Mars 258.97 days later with a miss of 236,205 km. A
minimum print was requested. Earth and Mars oblateness perturbations were

included.

201




JPL TECHNICAL MEMORANDUM NO. 33-198

START TRAJECTORY (SPACE) 125C0
CaSE 1
EARTH - MARS ChECK 3
DCUBLE PRECISICN EPHEMERIS TAPE - EPHEMIL
GME  .3986C063 06 J .162345C0-02
G .66709998-19 A .BBIBLIGS ¢9
GMF  ,43026293 04 GMS  .13271411 12
EGM  .39860320 06 MGM  .49027779 04
INJECTICN CCADITICNS 195C.C MARS

GECCEATRIC X0 .5420€C87 04 YO
CARTESIAN TH .59963C42 05 GrA
DATE CF RUN C22665A 12504
0 CAYS O HRS. O MiN. C.000 SEC.
GECCENTRIC
X 454194063 04 Y 17978477 C4
R 65738098 04 DEC ~.297C6737 02

R .65738097 04
XS -.56481613 08 Ys
XM 225834945 06 Y™
XT -.20584371 09 Yr
RS .14806538 09 VS

-+297C6737 Q2
-.103C4310 09
~.26971397 06
93772019 08
~30083671 02

GEC =-.29874521 02 ALT  .2009C686 03

Oul  .3500C000 02 DT .7500000C 01

CCL  .12196123 03 MCL  .40309905 02
EPCCH CF PERICENTER PASSAGE

SMA -,41371199 05 ECC  .11587349 01

VH 431039873 01 Cc3

TA  .3%5463618 01 MTA
X .54194063 04 Y
INC  .30187601 02 LAN
WX 49897454 00 WY
Qx -.2157Ci74 00 Qv
BX .23787213 00 BY
Sxi 61539216 00 syl
SXC -.83333138 00 sya
BTC .22883276 05 BRL
X -.43043936 03 Y
INC  .39497019 02 LAN
WX =-.43040854 00 WY
90258244 00 QY

78382108 00 BY
46431434 00

SXO -.44763043 Ou syo
BIC .24169738 05 8RO
CASE 1

EARTH - MARS

B CAYS 18 HRS. 36 FIN.
CHANGE CF PHASE OCCURS

8 CAYS 1B HAS. 36 MIN.
HELIDCENTRIC
X 75834779 08 Y

R 14770056 09
XE .77915722 08 YE
XT -.1247€316 09 Yv

+96347370 C1L
«14965626 C3

« 179718477 04
+97102443 02
«¢2172189~C1
+57494319 00
+94928829 CO
+67685777 CO
-30819657 00

. 19281443 04

+S4986251 C4
+22254649 03
+46828126 €O
~.23243833 00
»230052C1 00
61825267 00
-.853102C4 CO

~+152435946 04

CHECK 3

5C.283 SECL.
AT THIS PUINT

5G6.283 SEC.

.12674386 C9
28445432 00
.12556816 C9
21041414 09

LTE .75410806-0¢ LOE .581480174 02
£EPS  .91281422 02 ESP  ,96904339 0C
PPS  .99534452 02 MSP  .94382735 CO
EPT  .16331898 03 ETP  .187019C7 00
SET  .8B090C794 02 STE .36599970 C2
GCE  .83114704 02 GCT  .27833776 03
REP  .25000009 07 VEP ,31267247 CL
EPOCKH CF PERICENTER PASSAGE

SMA  .18975202 09 ECC 422161493 CO
VH  .21110349 02 C3 —-.€994C812 C3
YA  .32007631 00 MTA .1800CCCO 03

X .75834779 08 Y 12674386 C9
INC  .16360204 01 LAN  .49096162 C2

WX .21577872-01 WY
QX -.85497475% 00 Qy
BX .85497501 00 BY

DAP  .27545128 00  RaP
BTC  .18496035 09  BRC

X -,12881936 09 Y
INC  .21432149 00 LAN

WX -.22853953-02 WY
0X ~.49406994 00 QY
BX .49407002 00  BY

DAP -.30131379-01 RAP
BTC .18503239 09  BRO
252 CAYS 17 HRS. 35 MIN.

- -18693566-C1
517905C5 €O
-.51790521 CO
+58786660 C2

+52072131 07

72256647 C8
+32230268 C3
~429572432-02
~.B6941412 CO
486941425 CO
+15039t22 ¢3

-+ 68466903 Co

56.563 SEC.

+17802719 04
30069470 03 GHD

A
IBSYS—-JPTRAJ-SPACE 022665 L
H -.57499999-0% D .78743999-0% Rt +6378165C 04 REM .6141783112 04
B .88800194 29 C  .88836976 29 CME  .41780741-02 AU .14359850 09
GMVv  .32476627 06 GMA 42977367 0Y GMC 437918700 08 CMJ .12670935 (9
JA  .292¢0000-02 HA  .Q000000C 00 0A  .0000000UQ 00 KA .34170000 04
2356772371016202605400000 J.C.= 2438711.19400670 NOV. 11,1964 16 39 23.043

10-.32653654 04 OX0-.27051733 G1 DYO
+50164659 02
15 THE CENTRAL BCLY FOR

+1l08883% 02 (20 .78941014 OO

BARTH INTEGRATION COWELL EQUATIONS OF MOTION

235677237016202605400000 J.Ce= 2438711.19401670 NOV. 1141964 L6 39 23.043

EQUATORIAL COORDINATES

1 -.32577224 04 DX -427422009 01 U +11080006 02 Lz .78601700 QU

RA  .18352879 02 V411441330 02 PTH  +19036053 01 Az  .84370138 02
LON .77658181 02 VE  .11027283 02 PTE  .1975L097 01 AZE  .84157761 O
1S -.44685264 08 OxS 423091572 02 DYS ~.1 71045950 02 625 -.76783640 01
IM - .14600498 06 XM 71534795 00 LYM 462824798 00 LIM 420905980 00
LT .48581444 08 OXT  .23841343 01 UYT -.25432608 02 BZT -4 10896690 02

RM  ,40100812 06 VM

LOS .28618882 03 RAS
DR 38005929 00 SHA
TCL  .22181517 03

«9747431% 00 RT
422688352 03 KaM
+936461702 06 LES

«231354067 09 VT .28229808 02
«31376712 03 LOM 413072418 02
—el 965394 02 LEM -.21351886 0¢

GEQUENTRIC CONIC

2356772370052027C1077320 J.D.= 2633711.19360542 NOV. 11,1964 16 38 47.509

B .24217758 05 SLR  .14176526 05 APO .00000000 00 KCA 65670527 04
€l .751716t8 05 TFP  .35534189 02 TF -.41127532-03 LTF ~,23138793-0t
EA  .96198518 00 MA  .15275339 00 TF1  .00000000 CU

ALL VECTORS REFERENCED TO CARTH EQUATOR PLANE
Z ~.32577224 04 DX -.27422009 01 UY .11080006 02 6L  .78601700 OU
APF  ,21620986 U3 FX -.26720727 00 MY .95986447 00 MZ  .85208403-uUlL
wl .86438362 00 PX  .83934326 00 PY  .21358914 0O PI -.499H8248 O
Q2 «54391734-01 RX ~.4303901C 00 RY «1%5917511 00 RZ -.B888497345 0OV
BZ -.20559328 00 TX 34687618 00 TY 93791093 00 TZ .00U00000 €U
SZI -.40392570 CC DAl -.23823823 02 RAL .4 1723201 V2
SZ0 .45888164 CO DAQ 427314967 02 KAD  .15%970363 03
B .24217758 Q5 THA . 19109166 02 T VECTUR IN EARTH EQUATOR PLANE
ALL VECTORS REFERENCED Y€ GRBIT PLANE OF JARGET
L -.35769783 04 DX =.10319329 02 DY =-.29379116 01 02 -.39129283 Ot
APF  .23526778 03 MX -.9002%614 00 MY -.,28472285 00 MZ -.32935052 0C
wnZ 77165766 00 PX -.96661136-02 PY .85245%496 00 Pl -.52271129 00
Q¢ ~-.36237738 00 RX -.12453859 00 RY -.23134787 00 RL =-.96340857 GO
B2 -.57680203 GC Tx -.88550389 00 TY .46463197 00 TZ .0G000000 Cu
SIL1 =.63417333 00 DAl -.39358697 02 KAL 12690094 03
$20 .26803707 00 DAC 15547494 02 RAOQ  +24231359 03
B .24217763 05 THA 39639111 03 T VECTLR [N  OURBIT PLANE OF TARGET
TBSYS-JUPTRAS-SPACE C22665 <
235700C21177202251634634 J.0D.= 24308719.96959a68 n0OV. 20,1964 11 16 13.327

SUN 1S THE CENTRAL BCDY FOR INTEGRATICN  COWELL EQUATIUNS OF MDTION
235700021177202251634634 J.De= 2438719.96959868 NOV. 20,1964 11 16 13.327
ECLIPTIC COMKRDINATES
Z .73327850 06 DX -.28404373 02 LY .17028954 02 02 .93162¢68 0U
LON 59106609 02 V. .33130976 02 PIH  .58065999-01 Al .BB3IBHIIO G2
ZE  .19450000 03  CXE -.25786643 02 DYk .1%595867 02  DIJE -.12002587-0¢
LT L74879929 07  UXT -.19898495 02  LYT -.10308557 02  wIT .26993591 Ou
LTT  .17533010 OL  LCT .12066543 03  KST 24473665 09 VST  .22411812 0¢
SEP  .B7749482 02  tPM 82792716 01  EMP  ,B9955360 02  MEP  .81765360 Uc
SMP L 79521710 02  SEM  L1685790H 03  EMS .11393339 02  ESM  ,27088086-01
TEP  .16493998 02  TPS  .81760879 02 TSP .61563838 02 STP  .36675276 02
EST  .62499229 02  RPM  .24742262 07  RPT  .217645316 09  SPN 91135244 O«
SIP  .B1759989 02  CPT .83250368 02 SIN 83249478 02
CPE  .82997996 02  CPS .99625016 02

HELICCENTRIC CONIC

235700005055202157734634 J.De= 2438719.68135271 NOV. 2041964 04 21 08.874

8 .18503367 09 SLR  .1HG43270 09 APC  .23180390 09 RCA  .l4770014 09
Cl 48934615 10 THP  .249044%2 05 TF  «84H8733%9 01 PER  ,52177972 U3
€A .25549602 00 MA  .19887424 00 TF1  .871755818 0.

ALL VECYDRS REFERENCED TO ECLIPTIC PLANE
Z  .73327850 06 DX -.284064373 02 LY  «17028954 02 LI .93162268 00
APF +969437C9 0L MX -.857856%6 00 MY 51311950 00 L4 «2bl14367-0U1
Wl +999%9236 0C PX 451822002 0U PY  .85523151 00 PL 4807694 7-0¢
G2 .28141655-01 RX 4249 13695~02 RY  o4ll15792-02 Re =.99998816 00
BZ -.28141663-01 TX  .85524362 00 TY —.51822615 00 TZ  .0L000000 GO
B .18503364 09 THA  .16126311 01 ¥ VELTUR IN  ECLIPTIC PLAN

ALL VECTURS REFERENCED TU OURBIT PLANE OF TARGET
=+16237126 02 DY ~.28879098 02 02 -.12¢51162 00
=+489205%32 00 PY -.8/216079 00 ML —436712450-00
=+86%941499 00 PY 49407495 00 Pl -.52586998-01

+45720147~03 RY =.29981926-03 Re =.99999972 00
«49407509 00 TY 86941924 0O TZ .00Q00000 VU

Z -.80723250 05 DX
APF  .188C8858 C3 X
Wl .99999300 00 (23
GZ -.37002400-02 RX
Bl .37002406-02 ™

8 .18503365 09 THA 235978799 03 T VECTOR [N ORBIT PLANE OF TARGET

235724105155202715400556 J.0.= 2438963.92731024 JULY 22,1965 40 1> 19.605
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JPL TECHNICAL MEMORANDUM NO. 33-198

Case 1 18SYS~JPTRAJ-SPACE 022665 3
EARTH ~ MARS CHECK 3
HELIOCENTRIC ECLIPTIC COORDINATES
X -.14180703 09 Y -.18080550 €9 I -.35318550 06 OX .16289198 02 DY -.13676694 02 02 ~.60002750 00

R 22978248 09 LAT ~-.88067603-C1 LON  .23189265 03 vV .21277922 02 PTH .19117819 01 AZ  .91613891 02
XE .74579961 08 YE -.13242884 C9 ZE  .20050000 03 DXE .25%477438 02 DYE .14502661 02 DZE -.89907645-03
XT -.14380243 09 YT -.18092580 09 4T -.29060200 06 UXT  .19907202 02 OYT -.13014837 02 UZT -.76160687 00

LTE .75584905-04 LOE  .29938691 03 LTT -.72044834~01 LOT  .23152181 03 RST  .23111333 09 VST .23796308 02
EPS  .39290480 02 ESP  .67494279 C2 SEP  .73215238 02 EPM  .41964682-01 EMP  .25188631 02 MEP  .15476932 03
MPS  .39248762 02 MSP 67636768 02 SMP 73114468 02 SEM  .B1740242 02 EMS  .98117059 02 ESM  .14282388 00
EPT  .17065761 03 ETP  .92592317 OL TEP .82755473-01 TPS  .13152908 03 TSP .37115026 00 STP  .48099727 02
SET 473133797 02 STE .390C1090 C2 EST  .67865111 02 RPM  .22207495 09 RPY  ,20000010 07 SPN  .39288832 02
GLE .25862492 03 GCT  .81135185 02 SIP  .1314323] 03 CPT  .B9055796 02 SIN  .88959022 02

REP  ,22172902 09 VEP 429645552 02 CPE  .90548312 02 CPS .81532245 02

HELIOCENTRIC CONIC

EPOCH OF PERICENTER PASSAGE 235700006656202415400556 J.D.= 2438719.72289474 NOV. 20,1964 05 20 58.105
SMA 18894964 09 ECC  .21854539 00 B8 .18438208 09 SLR  .17992501 09 APO  .23024371 09 RCA  .14765556 09
VH  .21223477 02 C3 ~.70237821 03 Cl  .48865721 10 TFP  .21099261 08 TF  .85288772 01 PER  .51u447363 03
TA 173123130 03 MTA  .180000C0O 03 EA 17142858 03 MA 16956231 03 TFI 425273329 03

ALL VECTORS REFERENCED TO ECLIPTIC PLANE
X -.14180703 09 ~.18080550 09 1 -.35318550 06 DX .16289i98 02 DY -.13676694 02 0Z -,60002750 0C
INC  .16162992 01 LAN .48770084 02 APF  .99924968 01 MX  .78657053 00 MY -.61685783 00 MZ ~.26163934-01
WX .21212796-01% WY ~.18589970-0L Wl .99960213 00 PX .51863735 00 PY .85498019 00 Pl +48962548-0¢
QX ~-.85473100 00 QY .5]832717 00 GZ  .27777972-01 RX  .25383740-02 RY  .41845415-02 RZ -.99998791 00
BX .85473111 00 BY -.51832724 CO B2 ~.27777977-01 TX  .854990%3 00 TY -.51864362 00 TZ .00000000 00
DAP  .28042110 00 RAP  .58758688 C2

«<

BTC .18431093 09 BR!

23

51218221 ¢7 B .18438208 09 THA .15917862 Ot T VECTOR IN ECLIPTIC PLANE

ALL VECTORS REFERENCED TO ORBIT PLANE OF TARGET
X  .18467584 09 ~.136729C1 09 z -.16253000 05 DX 413224500 02 OY .16668983 02 LZ .86890876-01
INC  .23406796 00 LAN 4326447593 03 APF  .18B587749 03 MX  .59503198 00 MY .80369163 00 MZ  .40882519-0¢
WX ~.23758132-02 WY ~.33278099-02 WZ  .99999166 00 PX -.86909249 00 PY  .49464899 00 PZ -.41870715-03
QX -.49464346 00 QY -.86908623 00 Gl -.40673682-02 RX .36389535-03 RY -,20711313-03 RZ =.99999969 00
BX .49464357 0O B8Y .B&908641 CO BZ .40673690-02 TX .49464914 00 TY .86909276 00 TZ .00000000 OU
DAP -.2399C185-01 RAP  .15035338 63

<

BIC .18438054 09 BRO -.74994980 06 8 .18438206 09 THA .35976695 03 T VECYCR IN ORBIT PLANE OF TARGETY
252 CAYS 17 HRS. 35 MIN. 56.563 SEC. 235724105155202715400556 J.D.= 2438963.92731024 JULY 22,1965 10 15 19.605
CHANGE OF PHASE OCCURS AT THIS POINT PARS IS THE CENTRAL BCDY FCR INTEGRATION COWELL EQUATIONS OF MOTION
258 CAYS 23 HRS. 17 MIN. 28.762 SEC. 235724514260202747054442 J.D.= 2438970.16448848 JULY 28,1965 15 56 51.805
CASE 1 1BSYS-JPTRAJ-SPACE 022665 4

EARTH - MARS CHECK 3

GECCENTRIC EQUATORIAL COORDINATES
A —.22C89152 09 Y -.58437119 08 2 -.26078223 08 DX -.67759752 01 DY -.26997936 02 D2 -.12361472 O/
R 422978189 09 DEC -.£5166CB3 Ci RA  .19487103 03 YV 430456663 0z PTH  .29023970 02 Al .11381592 03
R .22978189 09 LAT -.£5166C83 CL LON .95120270 01 VE  .16623345 05 °TE  .S0931866-01 AZE  .26996292 03

XS -.87878015 08 ¥S .11366779 C9 IS .49293696 08 DXS -.23821953 02 DYS -.15721361 02 DLS -.63i70058 0!
XM -.21864600 06 YM  .24773650 C6 ZM  .13595050 06 DXM -, 87000686 00 DYM -.64006138 00 ULIM -.21641982 0O
XT -,22073127 09 ¥T -.58214939 08 27 -,26008592 08 DXT -~.3106888¢ 01 DYT -.26372385 02 DIT -.12262985 02
RS .15189727 09 VS  .29344829 C2 RM  ,35729817 06 ¥M  .11015571 Ol RT  .22975578 09 VT .29249552 02
GEC -.65606317 O1 ALT  .22977551 09 LOS .30238905 03 RAS .12770806 03 KAM  .13143081 03 LOM  .30(611180 03
DUT  .35000000 02 DT .95999999 03 DR .14776826 02 SHA -.21702920 0% DES .18936493 02 DEM  .22364405 02
CCL  .10096057 03 MCL  .17998949 03 TCL  .35149954 03

HELICCENTRIC ECLIPTIC COORDINATES

X =.13281351 09 Y =.18788445 C9 -.67584800 06 DX .17045978 02 DY -.12551548 02 DZ -.6001848G U

R .23008792 09 LAT -.16829842 00 LCN  .23474391 03 V. .21177038 02 PTH +11137503 01 Al .91621096 C2
XE .87878015 08 YE -.12389606 C9 ZE -.33300000 03 DXE 23821953 02 OYE 17135739 02 DZE -.62513351-03
XT -.13285326 09 YT -,187€5291 09 ZT -.70036300 06 DXT  .20715065 02 OYT -.11938455 02 DIT -.75871021 Ou
LTE -.12560788-03 LOE .30534763 03 LTY -,17452841 00 LOT  .23470252 03 RST 422992193 09 VST .23921042 02
EPS 438574496 02 ESP  .70603794 02 SEP .70821708 02 EPM  .83050504-01 EMP 411152290 03 MEP  .68394220 02
KPS  .38491877 02 MSP  ,70597944 02 SMP . 70910179 02 SEM  .48867179 01 EMS  .17510177 03 ESM  .98911702-0¢
EPT  .83624309 02 ETP  .96317149 02 TEP .58097472-01 TPS .45330583 02 TSP .41964682-01 STP 413462755 03
SET  .70763497 02 STE .385913C6 02 EST ,70645197 02 RPM 022965057 09 RPT .23620497 06 SPN  .38572905 02
GCE  .25903942 03 GCT .70538979 €2 SIP  .44511159 02 CPT  .69922116 02 SIN  .69102693 02
REP  .22978189 09 VEP 430456663 C2 CPE .89749999 02 CPS .81061030 02

~

AREQCENTRIC ECLIPTIC COURDINATES
X .39749151 05 Y -.23154230 06 L $2%514223 05 DX -.36690870 01 DY -+61309294 00 02  .15852540 00
R 23620496 06 DEC  .59571193 01 RA  ,27974108 03 V437233336 vi Py . 14221672-07 Al 221245343 03

ALY .23282697 06 SHA  .16810431 Cé ALP  .17384013 03 DR .16537543-07
HGE  .32142550 03 SVL -.60343030 Gt HNG 445014140 02 SIA ,B82804886 02

316174-03 ASD  JBIY4ZeFi UL

AREOCENTRIC EQUATORIAL COOROINATES

X .22979118 06 Y  +29207460 05 1 446213904 05 DX 71223004 00 DY -.33713025 O 0 -.14107658 01
R 423620497 06 DEC .11282797 C2 RA  ,72437015 Ol vV 437233335 01 PTH  ,2B662945-06 Al 24727144 03
R 423620497 06 LAT  ,11282797 02 LON .30645975 03 VP 419905394 02 PTP  .71843381-06 AlP  .26585560 03
E  .10944998 03 DEE  .23958425 C2 RAS 414864074 03 DES 13037049 02 LUE +48666033 02 LOS  .87856794 02

AREQCENTRIC CONIC

EPCCH OF PERICENTER PASSAGE 23572451426020274702C326 J.D.= 243B970.16448848 JULY 28,1965 15 56 51.805
SMA -,31836705 04 ECC  .75192653 02 8 +23936746 06 SLR  .17997083 08 APC .00000000 00 RCA 423620497 06
VK .36741412 01 €3 .13499314 02 Cl 87946988 06 TFP  442952848-03 TF 25897047 03 LTF .25892714 03
TA .25613208-05 MTA  .90762007 02 EA  .00000000 0O MA  .28401568-04 TF1  .25897047 03
ZAE  .17354659 03 ZAP  .13547478 C3 ZAC .91406690 02 DEF  .15241199 01 IR 57375745 04 GP 413530178 01
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JPL TECHNICAL MEMORANDUM NO. 33-198

CASE 1 IBSYS—-JPTRAJ-SPACE 022665 5

EARTH - MARS CHECK 3

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE

X +39749151 05 ¥ ~.22218080 Cé 1 —.69631051 05 DX -.36690870 OL DY -.62555059 00 DZ -.98487204-01
INC 16278397 03 LAN  .1B477665 (3 APF  .26487261 03 MX -.,98543065 00 MY -.16800820 00 M2 -.26451349-01
WX ~.24646413-01 WY .29494718 00 W2z ~.95519564 00 PX .16828246 00 PY -.94062713 00 PZ -.29479079 00

QX -.98543064 00
BX .18137299 00

co QZ -.26451351-01 RX  .29870185-01 RY  .54843099-02 RZ -.99953872 00
0o BZ -.29441294 00 TX -.18058620 00 TY .98355917 00 TZ .00000000 OC
S$X1 -.98310547 00 co S21 -.30369485~01 DAl -.17403100 01 RAI  .19040390 03

SXC -.98758150 00 0o 520 -.22528538-01 DAD -.12908989 01 RAO  .18894714 03

ETE  .13235197 03 ETS .15412666 C3 ETC .23280338 03

BTC -.22874827 06 BRQ .70505397 ¢CsS B .23936746 06 THA  .16286951 03 T VECTCR IN EARTH EQUATOR PLANL
ALL VECTDRS REFERENCED TO ORBIT PLANE OF TARGELT
X .229179118 06 Y 45471979 C5 7 .30349612 05 DX 71222989 00 DY -.36536678 01 DZ .81%61729-01
INC  .17251061 03 LAN  .91436507 02 APF  .B0324851 02 MX  .19128822 00 MY =-.98128942 00 MZ  .21905565-01
WX 413030142 00 WY  .32615759-(2 nl —.99146904 00 PX .9728465%2 00 PY 19251069 00 PZ .12848846 00

Qx .19128823 00 QY -.98128942 CO QZ .21905566-01 RX  .48232219-02 RY —.23114559-01 RZ -.99472117 00
BX .97021651 00 BY .20554400 00 BZ 12818577 00 TX ~.97891536 00 TY =~.20426632 00 TZ .00000000 Ou
SX1  .20420937 00 SYI ~.37864240 00 SII  +23612419-01 DAI  .13530169 01} RAL 28178655 03

$XC .17833326 00 SY0 -.98376287 00 SI0 .20194839-01 DAC  .11571570 Ol RAG  .2y027481 03

ETE 415684929 03 ETS .17862398 C3 ETC 425730070 03

8TC -.23739161 06 BRO -.30692058 05 B 23936746 06 THA 418736683 03 T VECTOR EN ORBIT PLANE OF TARGET

ALL VECTORS REFERENCED TO AREOCENTRIC EQUATOR PLANE

X «22979118 06 ¥ 429207449 C5 L .46213904 05 DX .71222989 00 DY ~.33713025 J1 DZ -.14107658 0L
INC  .15475869 03 LAN  .1622G799 03 APF 415268954 03 MX  .19128822 00 MY -.90545272 00 MZ -.37889858 00
WX +13030142 00 WY .40603604 CO Wl =.90451990 00 PX  .97284651 00 PY  .12365298 00 PZ  .19565170 0V
QX  .15128823 00 QY -.90545272 00 QZ -.37889858 00 RX -.82930786-01 RY .36701005 00 RL -.92651284 00
BX .97021651 00 BY .13568382 CO BZ .20067343 00 TX -.97540813 00 TY -.22040640 00 TZ .00000000 00
SXI .20420936 00 SYl -.90372816 00 SZ1 -.37626306 00 DAl -.22102400 02 RAI 228273290 03
SXC .17833325 00 SY0 ~.90701712 Q0 $20 -.38146707 00 DAD ~.22424586 02 RAD  .2d8112333 u3
ETE .16199128 03 ETS .18376597 03 ETC 226244269 03

o

BTT -.23368551 06 BRT -.51844599 0% B .23936746 06 THA .19250882 03 T VeCTUR IN TRUE TARGET EQUL. PLANE
215522623366 213675042633 61463C1273Ce 602532206172 204542657366 200624303772 EARTH
21189443C86 17550409728 000000000000 INITIAL
220457633260 622€62154C22 621420154524 602725735144 600471673266 575575031600 MARS
235724514260 202747054442 END
END TRAJECTCRY (SPACE) 12524 A
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JPL TECHNICAL MEMORANDUM NO. 33-198

D. Check case 4 is an Earth-Moon trajectory with a minimum print requested,
The spacecraft injects near the Earth on August 6, 1963 and impacts the Moon
after a 66. 37-hour flight time.
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JPL TECHNICAL MEMORANDUM NO. 33-198

START TRAJECTORY (SP&8CE) 12525 A
CASE 1 IBSYS—JPTRAJ-SPACE 022665 1
EARTH-MCCN CHECK 4

DCUBLE PRECISICN EPHEMERIS TAPE - EPFEML

GME  .39860063 06 J  .162345CC-C2 H ~.57499999-05 D .7B749999-05 RE .63781650 04 REM  .63783112 04
G  .66709998-19 A .8B781796 29 B .88B00194 29 C .888B36976 29 CME .41780741-02 AU .14959850 09
GMM 49026293 04 GMS 13271411 12 GMV 32476627 06 GMA  .42977367 05 GMC  .37918700 08 GMJ 12670935 09
EGM  .39860320 06 MGV  .49021779 Ca JA  .29200000-02 HA  .00000000 00 DA .00000000 00 RA  .34170000 04
INJECTION CONDITEONS 195C.C MOON 235631122155202732375600 J.D.= 2438248.21175586 AUG. 651963 17 04 55.707
GECCENTRIC X0-.611437680 04 Y0-.23438636 04 20-.54566108 03 DXO0 .35295397 OL DYO-.88027116 01 DZ0-.54594941 01
CARTESIAN YO .614957C6 05 GHA 21074440 03 GHO .31381078 03 i
DATE CF RUN 022665A 1253% EARTH 1S THE CENTRAL BCOY FOR INTEGRATION  COWELL EQUATIONS OF MOTION
0 CAYS 0 HRS. O FIN. C.000 SEC. 235631122755202732375600 J.D.= 24382648.21175586 AUG. 6,1963 17 04 55.707
GECCENTRIC EQUATURTAL COORDINATES
X =.6106€£757 04 Y -.23620256 04 Z -.55352189 03 DX .35627327 01 DY -.8/922516 01 D2 -.54547870 01
R 465709252 04 DEC -.48322111 Ol KA .20114620 03 vV .10943100 02 PTH .16181000 01 Az 11987157 03
R 465709251 04 LAT -.48322111 01 LCN  .35060180 03 VE 10531934 02 PTE .16812886 01 AZE  .12116%92 03

XS -410447122 09 ¥S .10094874 09 1S 43774450 08 0OXS -.21109202 02 0YS -.18709376 02 CZS -.81139758 01

XM 032552845 06 YM ~.16238938 Ob IM -.94397182 05 DXM  .48530280 00 UYM  .87985%646 00 DIZM 430392424 00
XT  +32552845 06 YT -.16238938 06 IT —.94397182 05 DXT  .48530280 00 uYT  .87985646 00 D2T 30392424 00
RS 15172701 09 VS  .29350907 €2 KM 237583228 06 VM .10497791 01 RT  .37563228 06 VT . 10497791 €L
GED =-.48649840 01 ALT  .19287213 C3 LOS .28523799 03 RAS .13598239 03 RAM  .33348775 03 LOM 12274335 03

DUT  .35000000 02 0T  .7500CC00 01 DR .30900503 00 SHA ~.60875954 04 DES .16768649 02 DEM ~.14546660 02
CCL  .78939548 02 MCL  .18709179 (3 TCL 18709179 03 i

GEOCENTRIC CONIC

EPOCH CF PERICENTER PASSAGE 235631122745202256467720 J.D.= 2438248.21135838 AUG. 6,1963 17 04 21.364
SMA  ,25371170 06 ECC  .97412174 CO B .57344925 05 SLR .12961326 05 APO  .50085777 06 RCA  .65656162 04
VH  .14350904 00 €3 -.15710770 C1 £l .71B77622 05 TFP  .34342862 02 1F =.95396840-02 PER  .21196803 05

1A .32791989 01 MTA . 1800C0CO 03 EA 37554599 00 MA  .97211439-02 C3J) -.19874077 01 TF1 .00000000 OC

ALL VECTORS REFERENCED ¥O EARTH EQUATOR PLANE
X -.61066757 04 Y -.23620296 C4 1 -.55352189 03 DX .35627327 Ol DY -.879225L6 01 DZ -.54547870 O1
INC  .30224249 02 LAN .12802531 02 APF  .18635416 03 MX  .35195159 00 MY -.79361762 00 MZ ~.49628737 00
WX 11154605 00 49087135 00 wl .86406182 00 PX -.94795842 00 PY -.31348205 00 PL -.55711692-01
QX .29821515 00 QY -.81288C25 QU QL -.50029331 00 RX 45289451901 RY .17491782-01 RZ =-.99844686 00
BX -.29821515 00 8Y .81288C26 CO BZ .50029332 00 TX -.31396968 00 TY .94943301 00 1Z .00000000 00
DAP -.31936974 Ol RAP  .19826862 C3

BYIC .49626634 05 BRC -.287339C8 05 B .57344925 05 THA .32992%08 03 T VECTOR [N EARFTH EQUATOR PLANE
BTO .56783067 05 BRO -.80009986 04 B .57343986 05 THA .35197955 03 T VECTOR IN ORBIT PLANE OF TARGET
CASE 1 IBSYS—JPTRAJ-SPACE 022665 2
EARTH-MCON CHECK 4
HELICCENTRIC EQUATORTAL COCRDINATES
X 10446511 09 Y -.10095110 C9 I -.43775005 U8B LX  .2467193% 02 BY .99171242 ot DZ .265918868 01
R .15172454 09 LAT -.16769149 C2Z LUN  .3159800% 03 vV .26723117 02 PIH  .21102723 02 Al .76838918 02

XE .10447122 09 YE -.10094874 09 2E -.43774450 08 DXE .2110920¢ 02 DYE 18709376 02 DZE .81139758 Ol
XT 10479674 09 ¥7 -.10L11112 09 41 -.43868847 OB OXT  .21594505 02 DYT  .19589232 02 DZY .84179001 Ol
LTE ~.167680649 02 LOE .31568239 C3 LTIT ~,16764987 C2 LOT .31602545 03 RST  .15208646 09 VST  .30346692 02
EPS .11211055 €3 ESP .98911702-02 SEP  .67887145 02 EPM  .50291134 02 EMP  .T7056544 00 MEP  .12893820 U3
MPS  .16224048 03 MSP  .44234658-C1 SMP  .17715845 02 SEM  .16300448 03 EMS  <16954125 02 ESM  .40178123-0t
RPM  .37999636 06 SPN  .36028888 €2
GCE  .28106045 03 GCT  .28815224 C3 SIP  .16197841 03 CPT  .96371983 02 SIN .96109912 02
REP  .65709252 04 VEP  ,10943100 02 CPE .84659921 02 CPS 77642693 02

2 CAYS 10 HRS. 26 MIN, 41.238 S€C. 235631271546202170747003 JaDo= 2438250.64695538 AUG. 951963 03 31 36.945
CHANGE OF PHASE OCCURS AT THIS POINT MOON IS THE CENTRAL BCDY FDR INTEGRATION COWELL EQUATIONS OF MOTION
2 CAYS 10 HRS., 26 ¥IN. 41.238 SEC. 235631271546202170747003 J.D.= 2438250.64695538 AUG. 9,1963 03 31 36.945
GECCENTRIC EQUATORIAL COORDINATES
X .33731393 0e Y 62030704 QS 2 -.75559509 04 DX .83209578 00 DY .28275366 00 DI  .66862292-01
R .34305333 06 DEC -.12620747 O1 RA  .10420049 02 vV .88l36461 00 PTH  .79945668 02 AL  .56020465 02

R .34305333 06 LAT -.12620747 01 LON . 60359662 00 VE 424897457 02 PTE .19975127 Ol AZE .27019802 03
XS -.10882430 09 YS .96928550 08 1S 442031089 08 DXS ~+20263164 02 OYS -.19499615 02 DZS -.84560510 01
XM .36799422 06 YM  .38832118 05 IM -.18535277 05 ©XM 97790682-01 DYM ,97846287 00 0ZM  .39709176 00
XT  ,36799422 06 YT .38832118 05 27 -.18535277 ©5 OXT -.97790682-01 OYT  .97846287 00 DIT .39709176 0O
RS .15167229 09 VS .29365551 C2 RM 437050132 06 VM 10604878 01 RT .37050132 0¢ VT  .10604878 0L

GEQ ~-.12706726 01 ALY .33667513 06 LOS  .12849246 03 RAS +13830891 03 RAM 60237696 OL LOM  .35620731 03
buT  .35000000 02 DT .12000000 03 DR .86782920 00 SHA .27545618 06 DES .16088259 02 DEM -.28675644 01
CCL  .25589520 03  MCL .95146813 01 TCL  .95146813 01

GEOCENTRIC CONIC

EPOCH OF PERICENTER PASSAGE 235631126074202141547003 J.Da= 2438248.28649031 AUG. 6,1963 18 52 32.763
SMA  ,25765422 06 ECC  .98634146 00 B 442439092 05 SLR  .69902918 04 APD  .51178926 06 RCA 435191793 04
VH 410313960 00 €3 -,1547037C 01 €1 .52785743 05 TFP  .20394418 06 TF  .17936268 01 PER 421692795 U5

TA .17330892 03 MTA  .18000000 03 EA  .10963569 03 MA 56408823 02 €3J ~.20625021 01 THI  .58444788 02

ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
X .33731393 06 Y  .620307C4 C5 z ~.75559509 04 0X 83209578 00 UY .28275366 00 0L +66862292-01
INC  .34000198 02 LAN .12291775 02  APF .18443371 03 MX =.13787149 00 MY 81778764 00 MZ  .55876084 Q0
WX .11904706 00 WY -.54637588 00 Wl .B2903562 00 PX ~.96050819 00 PY -.27487318 00 PZ -.43229019-01
QX .25149897 00 QY -.79114921 €O QZ -.55752134 00 RX .41560678-01 RY  .11893616-01 RZ -.99906518 00
BX -.25149912 00 8Y  .79114966 00 BZ .55752166 00 TX -.27513038 00 TY  .96140692 00 T2 .00000000 00
DAP ~,24776118 01 RAP  .19596978 03

BTC 35216459 05 BRQO -.23682852 05 B .42439092 05 THA 32607941 03 T VECTOR [N EARTH EQUATOR PLANE

206
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CASE 1
EARTH-MOCN
HELICCENTRIC
X .10916161 09 Y -.96866519 08
R 15187702 09 LAT -.16068951 02
XE .10882430 09 YE ~.96928550 08
XT 10919230 09 YT -.96889718 08
LTE -.16088259 02 LOE .31830891 03
EPS  .53309242 02 ESP 410397499 00
MPS  .17568140 03 MSP  .27453512-18
RPM  .39999998 05 SPN  .52243%46 02
GCE  .10410479 03 GCT  .29361948 03
REP 34305333 06 VEP .88136461 00
SELENCCENTRIC
X -.30680285 05 Y .23198585 05
R 439999998 05 DEC  .15931216 02
R 439999992 05 LAT  .19721915 C1
LTS .68027659 00 LNS  .30930468 03
ALY  .38261908 05 SHA -.30113121 04
HGE .30669076 03 SVL  .71i320920 00
EPOCH OF PERICENTER PASSACE
SMA -.40430050 04 ECC  .10014713 C1
VH 411011903 01 €3 .12126201 Ol
TA -.17659408 03 MTA  .17689390 03
ZAE  .13592348 03 ZAP  .17538636 03
X -.30680285 05 Y .23198585 05
INC  .16032753 03 LAN .19605032 03
WX ~-,92875261-01 WY .32282394 00
Qx -.58803500 00 QY -.78086688 CO
BX .63085453 00 8Y .75093929 00
SXI .77031814 00 SYI -.57604388 00
SXC0 -.83404353 00 SY0 .49142129 00
ETE .19264150 03 ETS .31222783 Ci
BTQ -.21477422 03 BRQ -.44517253 ¢2
BY0 -.21915344 03 BRG .90286635 01
X .34622885 05 Y .19983999 05
INC 17160407 03 LAN  .19652166 03
WX 4158455401 WY .14019235 €O
GX ~-.54959927 00 Q¥ .82368209 00
BX .50357630 00 BY -.85221194 00
SXI -.86294973 00 SYI —.50406517 00
SX0 .80340555 00 SYO .59330378 CO
CASE 1
EARTH-MOCN
ETE 17276643 03 ETS  .34324716 03
SYY —.21711745 03 BRT .31151555 02
2 CAYS 18 HRS. 14 MIN. 47.467 SEC.
GEOCENTRIC
X .36277700 0& Y  .47175656 05
R .36900784 06 DEC -.10652918 01
R .36900783 06 LAT -.10652918 C1
XS -.10939180 09 YS .96379418 08
AF L 3£4100688 06 YM  ,661556B7 OS
XT  .36410058 06 YT  L.66155087 $S5
RS .15166479 09 VS .29367794 02
GED -.10725498 01 ALY .36262964 06
DUT .35000000 02 DT  .30000000 C2
CCL  .25600418 03 MCL  .11460550 02
HELIOCENTRIC
X «10975458 09 Y -.96312243 08
R .15188595 09 LAT -.15974251 02
XE .10939180 09 YE -.96379418 08
XT  .10975590 09 YT -.96313263 08
LTE -.15995472 02 LOE .31861840 03
EPS  .53123580 02 ESP  .11146784 00
MPS  .17649157 03 MSP  ,27453512-18
RFF 217280800 04 SPN  .52133219 02
GCE .10399582 03 GCT  .29545637 O3
REP 36900784 06 VEP ,19325390 01
SELENOCENTRIC
X -.13235805 04 Y <10199694 04
R «17380899 04 DEC  .15972547 02
R .17380898 04 LAT  .18427696 01
LYS 68990118 00 LNS 430533673 03
ALY -.,45776367-04 SHA -.10636180 03
HGE  .30687642 03 SVL  .69668185 CO
EPOCH OF PERICENTER PASSAGE
SMA ~.40580137 04 ECC  .10000144 01
VH  .10991520 01 C3 .12081352 01
TA -.17926753 03 MTA  .17969241 03
ZAE 13093467 03 IAP  .17606693 03

1BSYS-JPTRAJ-SPACE 022665

CHECK 4

1 ~-.42038645
LON  .31841518
IE -,42031089
IT ~.,42049624
LTT -.16068927
SEP  .12658684
SMP .43174719
SIP 17319097
CPE  .93813447

Z .10979326
RA 414290562
LON 31342552
LTE .64762768
ALP 16060174
HNG  .17574058

SI0

z
APF

Qz
BZ
sl
S0

o8
03
08
08
02
03
o0

03
02

05
03
03
[}
02
03

DX
v
OXE
DXY
LOT
EPM
SEM

cPY
ces

DX
v
vP
LNE
DR
S1A

SELENCCENTRIC CCONIC

21933935
24159470
~.17634126
+10020075

10979326
23137714
~494 163243
-.20970842
«19522484
—e27346556
25073945
+29697975

+21933935

«21933934

+13765779
« 34298301
-+98928273
13982727
-.14193568

03
03
03
03

0s
03
00
00
00
00
00
03

03

03

04
03
00
00
00

-+35157448-01
«50306485-01

SLR
TFP

MA
DEF

DX
MX
PX
RX
™
tal
DAOD

THA

THA

DAQ

18SYS-JPTRAJ-SPACE 022665

CHECK &
ETC 427710467
B .21934085

2356313073232026.

z

SMP

19

CPE

z
RA
LON
LTE
ALP
HNG

[]
c1

~.68605143
« 10490673
+24332788
61792963
-+ 73387963
-.73387963
»37013466
«11455612
«16955806
« 11460550

-+41799823
«31873228
—a41792963
~+41800302
-e15974251
« 12676490
»35083872

- 86491559
«93699617

«47828197
«14238165
«30865416
«66009133
+17864179%
+17656135

03
03

04
02
03
08
04
04
06
02
oL
02

a8
03
08
08
02
03
0l

02
02

03
03
03
o1
02
03

THA

Dox
v
VE
DXS
DXM
oxT
L]
RAS
SHA

DX
v
DXE
oxXT
Lor
EPM
SEM

CPT
Les

DX
v
vP
LNE
DR
SIA

+18221274
« 19325390
.27838229
~.20147588
-+17937539
~-17937539
+10800254
+13861840
«29561149

21969716
+30203953
-20147568
«19968213
-31873232
+13031147
«12697004

« 10046924

» 78005014

+20015028
26171614
+26171886
»35806582
=~+26171252
.40311468

SELENOCENTRIC CONIC

#21782637
+23947860

02
02

EA ~,51297603 02

ZAC

+10029423

03

SLR

11697804

ol
a1
02
02
oo
00
m
03
06

02

02
02
c3
03
03

03
02

01
(23
01
03
0l
02

00

TFP =.45969361 03
MA ~.71340369 01

DEF

207

+ 17938447

03

oy
PTH
PTE
oYs
DYM
oYr

RT
RAM
DES

oY
PTH
DYE
oyv
RST
EMP
EMS

SIN

0Y =.15250069 01

1-De= 2438250.97202747 A

-.55879889
«613284937
«34919521

-+19603023
+96620799
+96620799
+37/013406
10298081
15995472

+19044224
-29378274
«19603023
+20569231
15188768
49483367
52918404

210469241

EQUATORIAL COORDINATES

+21095260 02 DY .19782369 02 DZ  .85229133 O}
«30149497 02 PTH .35350%83 00 AL .T72784577 O
+20263164 02 OYE .19499615 02 DZE .845%60510 0Ol
20165373 02 OYT  .20478078 02 CZT  .88531429 0L
«31841635 03 RST  .15191690 09 VST .30072780 02
- 13094631 03 EMP  .44376237 02 MEP 46774429 0L
13126360 03 EMS .48631357 02 ESM  .10514460 00
+10027956 03 SIN .97789149 02
+ 17962564 02
EQUATORIAL COURDINATES
«92988647 00 0Y -.69570921 00 0Z -.33022947 00
12673739 01 PTH -.897131%3 02 AZ  .28162655 03
12126119 01 PTP -.84664762 02 AZP  .26956365 03
«35771092 03
=.12073587 01 OP  .8649365%4-05 ASD  .244904141 O1L
+12845590 03
235631307501202703147003 J.D.= 2438250.97712412 AUG. 9,1963 11 27 03.52%
11905448 02 APO  .00000000 GO RCA 459483483 01}
—+28526580 05 T+ .66368837 G2 LTF  .66367338 0z
~e44517467 03 €34 -.20625021 01 TFI  .58444788 02
«17378765 03 IR .41322112 04 GP  .13820341 OL
ALL VECTORS REFERENCED TO EARTH EQUATOR PLANE
+92988647 00 DY ~.69570921 00 02 -.33022947 00
+63472325 00 MY .74773151 00 MZ 219374390 00
+80336104 00 PY -.53451784 00 PIZ ~.26248813 00
~+21900350 00 RY .16377081 00 RZ -.96188179 00
-+59887180 00 TY -.80084491 00 TZ .00000000 OU
-.15870591 02 RAI  .32321085 03
14521272 02 RAD  .14949326 03
+19171014 03 T VECTOR IN EARTH EQUATOR PLANE
+ 17764086 03 T VECTOR IN ORBIT PLANE OF TARGET
ALL VECTORS REFERENCED TO TRUE TARGET EQU. PLANE
=+10420426 01 DY -.6UB35827 00 DI -.42408749-01
+49907036 00 MY -.85486461 00 MZ -.14212226 00
~. 83440279 00 PY -.54949129 00 Pl ~.42794802-01
»30357878-01 RY  .17732608-01 RZ -.99938177 00
=+50437699 00 TY .86348356 00 TZ .00000000 00
-.20147871 Ol RAI  .21025000 03
.26835658 01 RAD  .3644535)1 02
4
+17183504 03 T VECTCR IN TRUE TARGET EuU. PLANE
1380

UG. 99,1963 11 19 43.174

EQUATORIAL COOKDINATES

00 DZ -.31984808 00
02 Al 25187967 03
i AZE  .26940535 03
02 UZS ~.85007954 01
00 0IM  .39978709 00
00 DZT  .39978709 00
06 VT 410609256 Ui
o2 LOM  .24313529 03
02 DEM ~.11360978 01

EQUATURIAL COOKDINATES

02 DZ .81809473 01
o1 Al . T2734647 Oc¢
02 OZE .85007954 01
02 DZT  .89005825 G1
a9 VST ,30017381 02
02 MEP  .20522700 0U
02 ESM  .11146784 00
02

EQUATORIAL COORDINATES

01 -.71963517 00

PTH =.89698277 02 AL 27232310 03
PYP -.89600169 02 AZP 25699724 03
DP  .45415473-03 ASD .90000000 02

235631307506202557040164 J.D.= 2438250.97734800

AUG. 9,1963 11 27 22.868

AP0  .00000000 Q0 RCA .58488602-01
TF  .66374210 02 LYF  .66374198 G2

C3J -.20830222 01 TRl  .66246518 0«
IR .41385194 04 GP  .13916920 0L
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CASE 1 IBSYS-JPTRAJ-SPACE 022665

w

EARTH-MOCN CHECK &

ALL VEUTORS REFERENCED TO EARTH EQUATOK PLANE

X -.13235805 04 Y +10199694 C4 I .47828197 03 DX .20015028 01 LY ~.15250009 01 D2 -.71963517 00
INC  .16384507 03 LAN  ,2239953L (3 APF  .26120797 03 MX  .61B67379 00 MY  .T78456081 00 ML 3596562501
WX -.19302659 00 WY .19991755 00 hZ -.96051286 CC PX  .76936109 00 +57675598 00 PL -.27465616 00

Qx -.60886781 00 QY -.79199797 €O Gl —.42479812-01 RX
BX .61306750 00 BY .78896549 CO 82 .41008683-01 Tx 60427698 00 TY ~.79677433 00 Tz .00000000 00
SXI  .76608l134 Q0 SYI -.58099930 00 SII -.27488024 00 Dat 15954877 02 KAl  .32282316 03

SXC -.77261865 0O SYC .572496C3 CO SI0  .27442416 00 CAQ  .15927699 02 RAU  .164346224 03

EYE .19274747 03 EFS .B449CHS2 CO ETC  .29680645 03

219011752 00 +16610380 00 RI -.96147844 OU

BIQ -.21762816 02 BRGC -.52905826 CO B 217826371 02 THA . 1H8246448 03 T VECTCR IN  EARTH EQUATOR PLANE
BTC -.21339909 02 BRC  .434565C09 01 B .21777888 02 THA 16848969 03 T VECTCR IN  ORBIT PLANE OF TARGET
ALL VECTORS REFERENCEL TO TRUE TARGET EQU. PLANE
X 15113746 04 Y  .85649227 C3 L 455891532 02 CX 422691506 01 LY -.13010370 01 D2 -.8d8264561-01
INC 16257850 03 LAN  ,2036€6310 C3 APE 35311024 03 MX  .47900334 00 MY -.8¢580294 00 MZ -.29807107 GO
WX -412032760 00 WY  $27659414 CO WZ -.95412808 00 PX -.86336763 00 PY =.50329218 00 PT -.35263861-01
€Xx -.49007664 00 QY  .81943721 CO Gl 429763575 Q0 RX  .29778356-01 RY  .17155122-01 RZ -.99940932 0L

BX .48537910 00 BY -.822C2738 CO BZ -.24778877 00 49918313 00 TY .86649651 00 Tz  .00U00000 OU
SXI -.86998469 00 SYI ~.49888828 CO S21 -.343663R89-01 NAJ -.19694364 01 KAl 20994596 03

SXC  .86072571 00 SYC  .50768159 CO $20  +37560297-01 DAC .21525520 01 RAU 230533364 02

ETE  .17296761 03 ETS  .2410¢5C6 C3 ETC  ,277C2658 €3

8TT -.20786950 02 HRT  .£4885049 C1 B .21776088 02 THA  .16266460 03 T VECTCR IN  TRUE TARGET Fcu. PLANE
615576114061 614446767212 €1242C651171 202703617723 664431537501 603535320551 EARTH
£3080CeL7 455707 00000UV00000V INTTIAL
6135117662C2 2127177442C13 21174C0C2C106 201776767651 601607721077 600561622465 MOON
235631307323 202626211364 END
END TRAJECTCRY (SPACE) 12562 A
5 LINES, O CARCS CLTPLT THIS JLB. 129621

FCRTRAN MCNITCR RETURNING TC [HSYS

PERIPHERAL UNIT PCSITICNS AT END OF JuBS
SYSPP1 IS Lk REC. CCO02, FILE QOCC3
SYsQul (s a3 ReC. €C0002, FILE 00003
SYSINL IS LY ReC. CCOUL, FILE 00003

END CF JCES
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